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ABSTRACT
The dissertation represents a geologic study of an
area bordering the Mediterranean Sea in northwestern Libya.
About 1200 km

2

were mapped and 28 stratigraphic sections

were prepared.
The bedrock consists of 16 stratigraphic units of
Mesozoic and Cenozoic age having a combined maximum thick
ness of about 750 meters.

The oldest unit exposed, the

Abu Shaybah Formation, is a redbed sequence of Triassic
and Jurassic age.

These beds are unconformably separated

from Cretaceous carbonates (Garian Limestone, Ain Tobi
Formation, and Gezzar Dolomite).

These units in turn are

overlain by the Miocene Al-Khums Formation.

Younger Qua

ternary units consist of nearshore marine sandstones, wadi
deposits, loess, sebkha deposits, and caliche which is
widespread and often obscures the bedrock.
The structure in the area is relatively simple being
dominated by a broad gentle anticline.

A structure contour

map drawn on the Cretaceous-Miocene unconformity illus
trates the pronounced relief developed prior to the en
croachment of the Miocene sea.
Three foraminiferal assemblage zones were established
in the Al-Khums Formation:

Elphidium crispum3 Nonion

boueanum3 and Lentioulina sp.

Range charts for the species

in these zones have been compiled.
as middle Miocene

The Formation is dated

(Vindobonian Stage).

Ill

The Al-Khums Formation was deposited under shallow
water marine conditions.
former shoreline.

Reef patches developed near the

Lithologic and paleontologic criteria

indicate the formation represents two major sea trans
gressions separated by a regressive cycle.

A major with

drawal of the sea occurred in Late Miocene? this is likely
coincident with the widespread development of evaporites
in the Mediterranean Sea.
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(Abstract in Arabic)
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I.
A.

INTRODUCTION

SUBJECT OF STUDY
This study discusses the results of detailed geologic

mapping of a 1200 km

2

area located in northwestern Libya

(Figure 1) delineating its stratigraphy, biostratigraphy,
and geologic history.
One of the objectives of the study was to understand
the general geology of the area by mapping the area on a
scale of 1/50,000, constructing enough cross-sections, and
logging the necessary stratigraphic sections to achieve
this goal.
Another goal was to determine the detailed strati
graphy of the Miocene rocks in the area and to correlate
the different units throughout the area with units estab
lished for the surrounding areas.
A third objective was to study the microfossils of
the Miocene deposits in order to develop a biostratigraphic
zonation and to help in understanding the general paleoecology.

This will also be a base for future workers

studying the microfossils and stratigraphy of adjacent
areas.
A fourth objective of this study is the compilation
of the geologic history of the Miocene deposits of this
region.

It is vital to determine the relationship of

the Tertiary to the underlying Cretaceous in this area be
cause a major unconformity occurs between the Miocene and

2

F igure

1.

L o c a t i o n o f d i s s e r t a t i o n a r e a and l o c a t i o n s
o f m easured s t r a t ig r a p h ic s e c t i o n s .
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Cretaceous.

In the north central part of the area west

of the town of Al-Khums, where the Cretaceous rocks were
uplifted, most of the lower part of the Miocene deposits
are missing and the upper part (melo Bed) lies on the
Cretaceous Ain Tobi Formation.

This unconformity is

present neither in the Sirte Basin, nor west of the area
towards the Tunisian border.
Finally, an evaluation is made of these Upper Cre
taceous and Miocene rocks for their economic significance.
Their importance as source rocks for the cement and lime
industry is considered, and chemical analyses were made
for that purpose.
B.

LOCATION OF AREA
The area under study covers the eastern extremities

of the plateau called Jabal Nefusa, which bounds the eas
tern edge of the Jefara Plain.

It extends east to Wadi

Caam and south to a few kilometers beyond the latitude of
the city of Al-Gusbat.
The mapped area is included in the fifteen minute
topographic quadrangle sheets of Al Gusbat, Homs, and the
northern half of Sug Al Jumah Izliten.

It extends from

14° to 14°30' east longitude; and from 33°30' to 33°45'
north latitude in the west part, and 33°22' to 33°45'
north latitude in the east.

The east-west Coastal Highway,

which crosses the area, provides good exposures of a large
part of the Miocene section as well as some of the Upper
Cretaceous section.

The numerous boreholes that were
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drilled in the vicinity of the Wadi Caam dam and the
Al-Khums cement plant provide useful subsurface infor
mation .
Stratigraphic sections were studied and compiled
wherever good exposures were available.

Fortunately,

these were quite scattered so they give a good represen
tation of the whole area.

Many trips were made to neigh

boring areas in order to relate the geology of these
areas to that under study.

Two stratigraphic sections were

logged out of the area of study, and one of these (Section
C) was sampled in detail.
C.

METHODS USED
The field work was done during the period of February

through August, 1974 and January to February, 1976.

Aerial

photographic coverage of 1953 and 1973 having scales of
1/24,000 and 1/25,000, respectively, were used as well as
controlled mosaics.
A geologic map was constructed by use of a photogeologic key wherever the beds could be readily distinguished
on aerial photographs.

When use of a photogeologic key

was not applicable, data were plotted in the field on the
fifteen minute quadrangle maps or on the photographic
sheets transferring the information to fifteen minute
quadrangle topographic maps of 1/50,000 scale by use of
the Sketchmaster of the Department of Geology and Geophy
sics, University of Missouri-Rolla, and a Bausch and Lomb
zoom transfer "scope" of the Missouri Geological Survey.
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Field altimeters and a microbarograph were used for
obtaining elevations of stratigraphic unit boundaries and
other necessary control points.

Bench marks, shown on the

topographic sheets, were also used as a reference in de
termining the elevations in the area.
were read.

About 200 stations

More than 100 of these stations were at the

Miocene-Upper Cretaceous contact and the readings were
later used to construct a structure contour map of the preMiocene topography.
Twenty-five surface exposures and three cores were
measured and sampled in detail.

These sections range from

ten to 128 meters in thickness.

A Jacob's staff and Abney

level as well as tape were used in measuring the surface
sections.
About 300 samples were collected for petrographic,
paleontologic and geochemical analyses.

These samples were

divided into two portions; one was stored in Tripoli as a
reserve while the other half was again divided into two or
three portions.

One of these was used for micropaleonto-

logical study, another for petrographic study, and a third
was used, when necessary, for chemical study.
Micropaleontological samples were washed using the
facilities of the Geology Department of the Faculty of
Science and Esso-Libya facilities in Tripoli.

Samples were

soaked for two days and the 200+ mesh material recovered.
More indurated samples were either boiled in kerosene or
were soaked in sodium bicarbonate solution to disaggregate

6

them.

The residue was then dried in a low temperature

oven and sieved through variously sized screens, from
which the fossils were picked.
A Coates and Welter 100 Electron Microscope was used
to photograph the microfossils on Kodak 120 Tri-X Film.
Kodak Polycontrast type F and N photographic paper were
used for printing.

Where maximum contrast was needed

Kodak Kodabromide F-5 print paper was found more useful.
Over 200 thin sections were prepared in the labora
tories of the Geology Department of the Faculty of Science
in Tripoli and the Department of Geology and Geophysics of
the University of Missouri-Rolla.

About 60 samples were

ground and prepared for x-ray fluorescence to determine the
various elements present for potential use as cement raw
materials.

The MgO content of these samples was deter

mined by the atomic absorption spectrograph.

Five samples

were sent to be analyzed by St. Louis Testing Laboratories,
St. Louis, Missouri to be used as a standard for the other
samples.

The percentage of calcium, magnesium, silicon,

and aluminum oxides was determined by use of a program
mable calculator.
Ten sand samples were size-analyzed by sieving.

Two

of these samples had to be pre-treated by hydrochloric acid
to eliminate the carbonate admixture in them; others were
simply disaggregated and sieved for seven and one-half
minutes.

Histograms and cumulative curves were prepared

for the data.
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D.

PREVIOUS WORK
Unlike most of northwestern Libya, the dissertation

area (city of Al-Khums and vicinity) has received very
little attention from geologists.

Most of the work that

has been done was focused on the Jabal Nefusa in general
or on the areas west of Al-Khums.

Although large parts

of northwestern Libya were leased at some time or another
for oil exploration, the Al-Khums has remained unleased.
Even though the amount published on the area is slight
because of the lack of interest on the part of the oil
companies, there are a few general publications on the
geology of Al-Khums and vicinity.
al.

According to Desio et

(1963), Vinassa de Regny was probably the earliest to

do some work in the area.

He described some Upper Creta

ceous fossils from east of Msellata and also few Miocene
macrofossils from Al-Khums.

In 1935, G. B. Floridia pub

lished a stratigraphic study of this area.

He included a

small geologic map of the vicinity of Al-Khums in which he
recorded few of the major Miocene exposures and Quaternary
deposits; however, he did not identify or record the Upper
Cretaceous deposits in the area.

The presence of the

foraminifer Alveolina and an Upper Cretaceous oolitic
limestone in the area was also reported by 0. Silvestri
(1939) .
Other short papers that contributed information on
the Miocene of the area were by 0. Panzera (1932), A.
Amato (1934), and T. Lipparini (1940); but their work was
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focused on the subsurface Miocene of the Jefara Plain
west of the dissertation area.

A short paper by K. H. A.

Gohrbandt (1966) on the Cenomanian foraminifers had a
considerable value in delineating the age of the Ain Tobi
Formation as being Cenomanian.
A local hydrological and engineering study was carried
out by the government at Wadi Caam dam site for the purpose
of building a major dam on the wadi and developing an
agricultural project below the dam.

The Wadi Caam project

was completed in 1971 by Energoprojekt, a Yugoslavian
company.

A prior investigation was made by the Termek

Libya Company for the same purpose but their report was
very limited in scope and contributed very little to the
knowledge of the area.
A technical report was submitted on the local area
surrounding Al-Khums cement plant to the authorities on
that industry in 1970 by H. Pooley, Consulting Engineers
Co., which covered about ten square kilometers around the
cement factory and analyzed the economic prospects of the
Miocene rocks for the cement industry.

Vita Finzi

(1971)

classified the various Quaternary units in Tripolitania
(which includes the dissertation area) and Cyrenaica and
compared them with some other areas abroad.
On the general area of northwest Libya more studies
were made, especially in the vicinity of Garian and Yefrin.
In 1914, C. F. Parona published a good stratigraphic and
paleontologic study of the area of Al-Aziziah.

The work
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of T. Lipparini

(1935, 1940) on the Quaternary of the

Jefara Plain, and the tectonics and geomorphology of the
Jabal Nefusa were also valuable contributions to the gen
eral geologic history of northwest Libya.

A detailed

stratigraphic study was made by A. M. Christie (1955) in
which he included a geologic map of the Garian area and a
table showing the different stratigraphic units in the
area, the first of its kind.

Christie supplied descrip

tions for the stratigraphic units and type sections were
chosen for those units.

Bourollet

(1963), in a guidebook

for the Petroleum Exploration Society of Libya field trip
to Jabal Nefusa involved himself in the stratigraphic
controversies regarding the Mesozoic rocks of Jabal Nefusa.
This report was criticized by Desio et al.

(1963).

Desio's criticism was focused on some of the names and
boundaries that Bourollet was proposing for the formations
for that area.
Desio's study covered most of Jabal Nefusa and re
sulted in a 1/500,000 scale geologic map of the area and
a study of the different units from a stratigraphic and
paleontologic point of view.

A new unit, the "Gezzar

Dolomite," was introduced for the first time for the
dolomites underlying the Ain Tobi Formation in the area
of Tarhunah and east.

This unit was thought to be Albian

in age.
The study of R. W. Hey (1962) of the northern part
of Libya, discussed the various kinds of Quaternary

10

deposits and their history of deposition.

O. S. Hammuda's

detailed description (1966) of the unconformity at the
top of the Jurassic Kicklah Formation in his study of the
Jurassic and Cretaceous of the region west of Garian was
also a contribution to the geology of that area and to
Jabal Nefusa in general.

His stratigraphic table for the

units in that area served as a guide for the adjacent
areas.

He also clarified some of the stratigraphic pro

blems that had resulted in confusion, mainly the geologic
age of the Bun Niron Formation, and the stratigraphic re
lationship between Kicklah and Chameau Mort formations.
A symposium on the geology of Libya which was held at
the University of Al-Fateh (formerly University of Tripoli),
Faculty of Science, in Tripoli and compiled into a volume
of papers by C. Gray (1971) is a very valuable addition
containing a wealth of references on the geology and geo
logic problems of Libya.

Thirty-three papers, on the

geology of Libya, were presented in that symposium by
interested scientists.

Some of those papers on strati

graphy and sedimentation that are worth mentioning here,
are those of Desio, on the geomorphological evolution
of Libya, a paper by Assereto and Penelli that discusses
in detail the sedimentology of the pre-Cenomanian rocks
of Jabal Nefusa area, the study by Hammuda on the Lower
Cretaceous unconformity in west Jabal Nefusa, the work of
Selley on the Miocene beds of the Sirte Basin, and a
bibliography on micropaleontology by L. Martin.

Papers
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on regional structure like that of Gray on the Garian
domes and Klitzsch on the North African structures are
also worth mentioning.
The general hydrological survey that was sponsored
by the Libyan government and was accomplished by Groupement d'Etude Francais en Libye (G.E.F.L.I.) was also a
good general survey of the subsurface hydrology of the
Jefara Plain.

These works were of a general nature and

helped establish general views on the geology of north
western Libya.
To the east of the dissertation area, which is the
west edge of the Sirte Basin, fewer reports have been pub
lished primarily because of confidential treatment of
data by oil companies, but the work of R. Selley (1966),
on the Miocene of Marada and Jabal Zelten was very help
ful in determining the depositional history in that area
during the Miocene.

F. T. Barr and A. A. Weeger (1972)

presented the stratigraphic nomenclature of Sirte Basin
and northwest Libya.

That work will hopefully eliminate

the nomenclatural confusion between various workers in
different areas in the country.

Other workers on the

Sirte Basin have also published some of their work in
the previously mentioned symposium on the Geology of Libya.
In 1975 the Industrial Research Centre (I.R.C.)
finished their series of geologic maps on northwestern
Libya, which includes the area from Ras-Jdir on the
west and Misrata on the east, on a scale of 1:250,000.
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II.

STRATIGRAPHY

Except for the Miocene deposits the stratigraphy of
the area is very much the same as in the Jabal Nefusa area
adjacent to the dissertation area.

Since the stratigraphic

problems in this area have been clarified considerably
through the work of many geologists, the writer will dis
cuss the non-Miocene units only briefly, referring the
reader to these studies.
exist.

However, some problems still

One of the tasks of this study is to resolve the

problems that pertain specifically to the dissertation area.
The rocks that are exposed in this area are chiefly
Miocene and Cretaceous

(Gezzar, Ain Tobi, and Garian) with

limited exposures of Triassic and Jurassic rocks
bah Formation).

(Abu Shay-

The extensively exposed Miocene beds are

by far still unstudied, especially those to the east-south
east.

More time has been devoted by the writer to these

sediments so that biostratigraphic reference units could
be established.

All stratigraphic sections that were

studied in this project are presented in Appendix A.

Rocks

older than Triassic are not exposed anywhere in northern
Libya.

The subsurface and surface information from eas

tern Tunisia, however, shows a thick sequence of Permian
and Carboniferous rock.

Baird (1967) reported 6100 meters

of clastic and non-clastic sediments belonging to the
Permian alone.

Some of these Paleozoic sediments in

Tunisia are thought to exist under the Jefara Plain
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Figure 2.

Development of Stratigraphic nomenclature of
Cretaceous and Tertiary systems in Libya.
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northwestern Libya.
The nomenclature that was used here is mainly based
on the Industrial Research Centre

(I.R.C.) nomenclature

constructed by a committee selected by the Centre in 1973.
The nomenclature is essentially in accord with that of
the International Subcommission on Stratigraphic Classi
fication.

However, where the writer had a different point

of view from this committee, a different nomenclature was
followed (See Figures 2 and 3).

Reasons for the changes

are discussed in the proper place.
Transliteration of names was designed to agree with
the Industrial Research Centre, which, in turn,

(according

to the I.R.C. report) was approved by the Survey Depart
ment of the Ministry of Planning.

Names usually were

taken from local geographic place names and were written
in English with the local pronunciation phonetically
transposed into English letters.
A.

TRIASSIC AND JURASSIC SYSTEMS
Rocks of Triassic and Jurassic age occur only in the

northwestern part of the dissertation area, along Wadi
Gerrim.

Various workers have reported these rocks to be

more complete and thicker in the surrounding areas.

The

lithology of the exposed parts is readily correlated with
the exposures at Jabal Nefusa towards the west.
1.

Abu Shaybah Formation.

This unit was introduced

by Christie in 1955 and was ranked by him as a group and
dated as Jurassic.

The name was derived from Wadi Abu
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Shaybah just north of the town of Garian, which is about
100 km southwest of the dissertation area and where the
section is well exposed.

Desio, Ronchetti, and Vigano

(1960) described the type section in detail.

Desio et al.

(1963) ranked the Abu Shaybah as a formation rather than a
group, the lower beds were assigned to the Karnian Stage,
while the upper beds were assigned to the Norian, Rhaetian
and Lias

(Jurassic).

three members:

1.

They subdivided the formation into

An upper member which is represented

by continental cross-bedded sandstone, with some clay and
chalky intercalations and silicifed wood, 2.

A middle

member of dolomitic limestone and arenaceous, fossiliferous
limestone, and 3.

A lower red sandstone member which is

only about five meters thick.

The age of the formation was

determined by Desio et al., from ten megafossils that were
collected from the middle member, to be of Karnian age
(upper Triassic).

Considering the unit above the Abu

Shaybah Formation, the Abu Ghaylan Formation, as being
Lower and Middle Jurassic, the authors dated the Abu Shay
bah as Upper Triassic-Lower Jurassic in age.

Bourollet

(1963) included the lower beds of the Abu Shaybah with the
underlying Al-Aziziah Formation.

Assereto and Panelli

(1971) agreed with Desio et al. on the boundaries but com
bined the lower and middle members and called them the
lower member and retained the upper member as it was.
Assereto and Panelli also presented a considerable dis
cussion of the depositional environment, concluding that
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Figure 3.

Composite stratigraphic section in the
dissertation area. Details of the individual
formations are shown in Appendix A.
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the base of the formation was shallow marine, changing
upward into continental sandstone until near the top of
the section where a mixed marine-nonmarine environment
was suggested.

The total thickness of this formation

is recorded by Desio et al.

(1963) as 173 meters.

The

borehole T-9, drilled by G.E.F.L.I. in Wcidi Gerrim just
south of the dissertation area had about the same
thickness.
The geologists of the Industrial Research Centre
(1975) apparently followed Bourollet by placing the lower
member with the Al-Azizia Formation.

On their Al-Khums

geological sheet the top of the formation was considered
Karnian in age rather than Lower Jurassic as Desio et al.
and other authors thought; however, no paleontological
evidence was mentioned for that.

The top of the formation

was considered to be just above the sand beds (unit one
of Desio et al., 1963) by the Industrial Research Centre
geologists, while Desio et al.

(1963) considered the con

tact between the Abu Shaybah Formation and Gezzar Dolomite
to be rather gradational because the reddish sandstone
bed is overlain by beds of calcarenite and clay, which is
followed by a bed of intraformational breccia before the
contact with the dolomites of Gezzar is encountered.
In the area under study, the Abu Shaybah Formation is
only partially exposed and this occurs only in the far
western edge of the area, in Wadi Gerrim, where the unconformable contact with the overlying Gezzar Dolomite

Figure 4. Gezzar Dolomite beds mostly covered
by caliche and semidesert shrubs.

Figure 5. Gezzar Dolomite forming a sea cliff,
partly covered by eolian deposits.
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can be seen (Figure 3).

It is believed from the litho

logical pattern that only a portion of the upper member of
the formation is exposed.

Thirty-nine meters were measured

in Wadi Gerrim, which is the maximum exposed in the area.
The first 14 meters are cross-bedded, coarse to pebbly,
friable, light gray to reddish purple sandstone.
grains were found to be rounded to subrounded.
silicified wood fragments were noticed.

The sand
A few

This bed was over-

lain by blue-green clay and reddish green, fine sand beds,
which in turn were followed by thick beds of argillaceous
dolomite and dolomitic limestone with burrowings, the
carbonates being yellowish brown in color with purple
spots.

Overlying these dolomitic beds there are clay beds

interbedded with marly beds in which a coquina bed was
found.

It is believed this coquina bed is the bed which

Desio and et al.

(1963, pp. 72-73) reported to be near

the top of the Abu Shaybah Formation at the Ras-El-Maruf
section.

Desio et al.

(1963) had identified four species

of fossils from this bed and all were found to characterize
the Karnian Stage.

The present writer believes that the

exposed part of the Abu Shaybah Formation in the area should
be considered with some reservations as belonging to the
Karnian-Lower Jurassic.

Only a detailed study of the Abu

Shaybah Formation along the Jabal Nefusa escarpment will
clarify this problem.
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B.

CRETACEOUS SYSTEM
The Cretaceous rocks are the most widespread in the

area of study.

These rocks are widespread and well repre

sented in Jabal Nefusa as a whole, the Gezzar Dolomite
first appears at the vicinity of Tarhunah (about 60-80 km
southwest of the area) and continues east.

These rocks

are very well exposed in the dissertation area and can
easily be correlated with the adjacent areas.
The nomenclature that was followed in this part of the
section does not coincide with that of the Industrial
Research Centre.

The I.R.C. geologists changed the names

of the Cretaceous formations, the Ain Tobi

and the Garian

ormations, but they used the same type areas as originally
designated by Christie (1955).

They omitted the Gezzar Do

lomite as they defined it as a part of the Ain Tobi Forma
tion.
1.

Gezzar Dolomite.

Nefusa escarpment, Desio et al.

In their study on the Jabal
(1963) mapped a dolomite

and dolomitic limestone unit starting near Ras-Al-Maruf
northwest of Tarhunah and continuing eastward towards
Msellata.

The Gezzar Dolomite was named after the Ras

Al-Gezzar (Hill of the Gezzar) northwest of the town of
Tarhunah.

According to Desio et al.

(1963) who named the

unit, the thickness of this unit is 125 meters at the type
area.

This unit thins gradually toward the west, being

only 35 meters thick at Ras-Al-Maruf.
135 meters of this unit in Wadi Gerrim.

The writer measured
In 1975 the
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Figure 6. Al-Khums Formation overlying
Gezzar Dolomite at Wadi Ghanimah (north
west part of dissertation area). Palm
trees cultivated on fluvio-eolian deposits.
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Industrial Research Centre geologists in their Al-Khums
geological sheet, only briefly mentioned the Gezzar
Dolomite; however, they mistakenly thought that the Gezzar
Dolomite was a part of Christie's Ain Tobi Limestone and,
as a result, they included it within the Sidi-Assid For
mation

(formerly the Ain Tobi Formation).

The writer is convinced that the Gezzar is geographi
cally very extensive, forming most of the hills of the
western part of the area (Figs. 4, 5, and 6) and continuing
to the west along the escarpment up to Ras-Al-Maruf area,
and is a very outstanding mappable unit since the contacts
with the Ain Tobi Formation above it and the Abu Shaybah
Formation below are readily distinguishable.

The Ain Tobi-

Gezzar contact can be identified easily in the field as
well as lithologically, since the Gezzar Dolomite always
has a higher percentage of dolomite.

The basal beds of

the Ain Tobi that were described in detail by Christie
(1955) and Desio et al.

(1963) are very uniform in the

dissertation area and are also similar in lithology to the
equivalent beds at the other exposures of Ain Tobi For
mation west of the dissertation area.

For these reasons,

the writer mapped the Gezzar Dolomite as a separate unit
and thinks that it should not be included within the Ain
Tobi Formation.
Of the members that were established for the Gezzar
by Desio et al.

(1963) it is worth noting that the upper

Scersciara Member of the Gezzar was found not as thick
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and distinctive in this area as it was reported in the
Tarhunah area.

At the west part of the area just west of

the village of Andarah, it was found that these beds are
just 16 meters thick.

The Scersciara beds grade into the

Gezzar dolomites rathern than having a clear-cut contact.
It is also to be noted that, because they weather readily
(Figure 7), they are not well exposed in the area.

For

these reasons the writer united these beds with the Gezzar
Dolomite instead of trying to treat them as a separate
member.
No fossils useful for dating were found in the Gezzar
Dolomite.

Consequently, no new information on the age of

the Gezzar is available at this time except for that Desio
et al.

(1963) reported.

Desio et al. (1963) suggested

with reservation that the Gezzar Dolomite should be con
sidered as Albian in age.

This would make the Gezzar

equivalent to the upper part of Kicklah Formation which is
well exposed in Jabal Nefusa west of the dissertation area.
The Kicklah Formation is well exposed west of Wadi Ghan
(which lies few miles east of Garian), while it pinches
out east of the wadi.

Eastward from the wadi, the Ain Tobi

Formation directly overlies the Abu Shaybah Formation, until
at Ras-Al-Maruf (near Tarhunah) where the Gezzar Dolomite
occurs between the two formations.

Although the Gezzar

Dolomite does not have good marker beds in this area, it
can still be easily recognized in the field by its hard,
brown, fractured dolomite beds, forming ledges along most
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Figure 7. Exposure of the Ain Tobi Formation
showing the two conspicuous cross-bedded
oolitic limestones and the rudistid bed on the
top. Northeast of Al-Gusbat, looking eastnortheast .

Figure 8. Cross-bedded oolitic limestone bed
that forms the base of the Ain Tobi Formation
and caps the Gezzar Dolomite. Location:
Northeast of Al-Gusbat.
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of the deep wadis in the area (See Figures 4, 5, and 6).
The lower part of this formation is composed of a pale
green to grayish green saccharoidal, massive dolomite bed.
This bed is exposed in a few localities in the northwestern
part of the area.

It is well-exposed along the Wadi

Ghanimah forming a cliff at its junction with the sea.
Following this bed is a softer, clayey, medium-bedded,
dolomite with shades of brown and yellow.

This bed, in

turn, is overlain by a harder, ledge-forming, brownish,
fine-grained, vuggy dolomite with some interbedded coarse
grained layers from place to place.
Desio's (1963) Scersciara beds, on the other hand,
weather easily and are poorly exposed and are recognized
mostly by their stratigraphic relationship with the under
lying Gezzar dolomites and the oolitic beds at the base of
the Ain Tobi Formation.

These beds, where exposed, are ar

gillaceous limestones and dolomites, sometimes with marlshale intercalations.

The beds are yellow to yellowish

brown in color, medium-bedded and easily weathered.

The

only place that the whole unit could be logged is about
2 km west of the village of Andarah (Figure 7).
A marker horizon, consisting of oolitic limestone,
locally cross-bedded, and forming the base of the Ain Tobi
Formation and marking the top of Gezzar Dolomite, is found
to be traceable throughout the dissertation area.
marker horizon is
beds below it.

This

better exposed than the soft Scersciara

This horizon will be discussed in detail
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under the section on the Ain Tobi Formation (Figures 7, 8).
2.

Ain Tobi Formation.

The Ain Tobi Formation, was

also first described by Christie (1955) for the vicinity
of Garian.

Christie named it Ain Tobi Limestone after

the Tobi Spring just northeast of the town of Garian.
Desio et al.

(1963) also investigated this unit and des

cribed a few sections along the Nefusa escarpment including
the Tarhunah area (east of Garian).

They modified Christie's

classification by combining the Yefrin Marl, which Christie
considered a separate formation, and the Ain Tobi Limestone
to form the Ain Tobi Formation.
Barr and Weegar (1972, p. 11), in their stratigraphic
nomenclature, designed this unit as a member of the Nefusa
Group in which they included the Ain Tobi Limestone, the
Jefren Marl, and the Garian Dolomite.

All of the above

workers were referring to the same type section which was
first measured by Christie (1955) , in two different lo
calities:

a lower part on the main Bughilan-Garian road

just south of the village of Bughilan, and an upper part
near Ain Tobi (Tobi Spring) just northeast of the town of
Garian.

This type section totalled 79 meters in thickness.

Finally, in 1975 the Industrial Research Centre intro
duced their new stratigraphic classification changing this
Ain Tobi Limestone (of Christie) to Sidi-Assid Formation
in which they relegated Christie's Ain Tobi Limestone and
Desio's Gezzar Dolomite to the Ain Tobi Member and desig
nated the Jefren Marl as the Yefrin Member.

A new type
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Figure 9. Photomicrograph of oolitic lime
stone at base of Ain Tobi Formation.
The
cement is Spar.

Figure 10. Extensive cross-bedded limestone
of Ain Tobi Formation forming bottom of the
exposures.
Looking east toward village of
Andarah.
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section was suggested for that new formation; however,

the

previously designated type sections were retained as r e 
ported in the Industrial Research Centre Report on the
Tarabalas Sheet.
The Ain Tobi Formation

(as defined by Christie,

1955)

is the most widespread and consistent unit of the Jabal
Nefusa area.

The different beds of this formation can be

traced from the type section area to the dissertation area
with no difficulties.

However,

as Desio et al.

(1963, p.

92) had already pointed out, the upper Yefrin Member of
the reorganized Ain Tobi Formation does not have a sharp
contact with Ain Tobi Limestone

(of Christie), as in the

Garian-Yefrin area, but rather there is a transition from
the Ain Tobi Limestones to the Yefrin Marlstone beds.

The

writer considers the Yefrin Marl as part of the Ain Tobi
and he mapped the unit on that basis.
The lower limit of the Ain Tobi Formation is fairly
similar to that measured by Desio et al.

(1963) at Butwil

and Bir el-Guman, northeast of Tarhunah.

It consists of

two sets of medium-bedded brownish dolomitic limestone
beds, locally cross-bedded, oolitic with fragments of
Exogyra shells

(See Figures 8, 9).

These beds are inter

calated with a soft marly bed which includes a coquina bed
rich in Exogyva and echinoid spines.

These oolitic beds

are usually about 15 to 20 meters thick, followed upwards
by a ledge-forming, thick-to massive-bedded, light tan to
white limestone, rich in rudistids in its upper part
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(See Figures 3, 7, and 8).

This rudistid bed has been

fully described and its importance as a marker was stressed
by Christie (1955) and by Desio et al.

(1963).

Unfor

tunately, neither this bed nor the oolitic beds were
mentioned by the Industrial Research Centre geologists in
connection with the Al-Khums geological map.
Above the rudistid bed are other marly to clayey
strata with a coquina bed rich in well preserved Exogyra
and echinoids {Hem-taster) .

In contrast to Desio's sections

mentioned above, the beds overlying the marly strata are
thick, light gray, almost pure limestone with outstanding
cross-bedding, dipping up to 20° but variable from place
to place.

The best example for observing these cross-

bedded units is just west of Andarah (Figure 10).
beds were mentioned first by Goudarzi

These

(1970), but he

thought they were a part of the Mizda Formation which is a
younger Upper Cretaceous Formation not present in the
dissertation area.

These beds are followed by thick-bedded

light gray to light brown limestone, which in return, is
overlain by brown to yellow, dolomitic limestone which
grades upward into the marl of the Yefrin Marl beds.
The Yefrin Member consists mainly of soft, yellowish
to greenish brown marlstone beds interbedded with limestone
or dolomitic limestone.

Some coquina beds with numerous

Exogyra were also observed.

Softness and yellowish color

sets off the Yefrin from the overlying and underlying beds
and makes it easy to follow in the field; however, the
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contact with the lower part of the Ain Tobi Formation is
not sharp.
There is a general agreement on placing the Ain Tobi
Formation in the Cenomanian Stage.
et al.

The studies of Desio

(1963) and, later, of Gohrbandt

lished this.

(1966) have estab

The latter author reported the foraminifera

species Pvaealveotina ovetaoea tenuis Reichel and Thomasinella puniaa Schlumberger from the Yefrin marl of the
Al-Gusbat area.

Barr and Gohrbandt

(1967) reported the

presence of the Thomasinetla puniaa in Cenomanian beds
from Tunisia.

They indicated that this species is a typi

cal shallow marine form.

The total thickness of Ain Tobi

Formation is around 160 meters, but the entire unit is not
exposed at any one place.
3.

Garian Limestone.

The Garian Limestone is a

strikingly hard, ledge-to cliff-forming, massive, whitish
to light grayish or light brown, crystalline dolomitic
limestone or dolomite.

These resistant beds form the top

ledge along the Jabal Nefusa escarpment, capping the soft
Yefrin marls below them.

They can be traced along the

Jabal escarpment with no difficulty

(Figure 11).

The Garian Limestone is exposed only in the southsoutheast part of the area near the Wadi Caam dam.

Only

the lower part of the formation is preserved in this area
(22 to 25 meters); however, from subsurface information,
the formation exceeds 100 meters
Sections 9 and 13).

(G.E.F.L.I. 1973, Cross

The lithology of this formation
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Figure 11. Massive Garian Limestone beds
capping soft Yefrin Marl beds. Wadi AbuQas, looking south.

Figure 12. Mannubia Member of Al-Khums Formation
in the background with the Honeycomb Beds on top
and the Chalky Beds below them. Caliche veneers
the surface in the foreground.
Locality: west
of Ras Al-Mannubia.
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consists of two main parts:

a lower bed which is formed of

light to medium gray, crystalline dolomite to dolomitic
limestone with vugs filled with dolomite crystals followed
by thick-bedded, crystalline dolomite with abundant nodular
chert.

Comparing this lithology to that described by

Christie (1955), Desio et al.

(1963) and others who worked

on this formation, it was found that the lithology of the
Garian Limestone is quite consistent.
Christie (1955) was the first to adopt the name Garian
Limestone, assigning a type section near the town of
Garian.

Christie regarded the Garian to be Cenomanian in

age on the identification of three species of macrofossils.
Desio et al.

(1963) described the type section and other

sections of the Garian Limestone in detail.

They also

determined the age of this formation as Cenomanian based
on the presence of Lopha diluviana
and Cardita sp.

(Linnaeus), Neithea sp.

However, G. Goudarzi in his reconnaissance

study in 1970, considered the Garian Limestone to belong
to the overlying Turonian Stage rather than Cenomanian,
while Barr and Weegar (1972) again put it in the Cenomanian
Stage with the possibility of belonging partly to the
Turonian.
On the Tarabulus sheet of the Industrial Research
Centre Report, the name Nalut Formation was suggested as a
replacement for the Garian Limestone.

According to the

authors, the name Nalut Formation has priority since D.
Zaccagna used it for this unit in 1919.
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The writer believes that since the name Garian
Limestone has gained acceptance in the literature, and a
type section has been established by Christie, there is no
need to revert to the term Nalut Formation which has evi
dently only been used by Zaccagna.
Since the fossils found in this formation are not
well preserved, there is no hard evidence as to the age
of Garian Limestone.

Nevertheless, since the formation is

underlain by the Yefrin marl beds which are of Cenomanian
age, and overlain by the Tigrinnah Formation Cenomanian to
Turonian Age, it is reasonable to consider the Garian
Limestone as belonging to the Cenomanian Stage, unless
more firm evidence indicates otherwise (Figure 3).
C.

TERTIARY SYSTEM-MIOCENE SERIES
The Miocene deposits cover most of the eastern part

of the area but only a small part of the western portion.
The Miocene sea transgressed only a short distance inland
from the present coast west of Al-Khums while it extended
deeply to the south in the Sirte Basin.

All of the area

farther east, at Jabal Ackdar, was under water until late
Miocene time.

A large portion of these deposits were

studied from exposures but subsurface cores and logs were
also necessary for compiling the complete Miocene section.
On the basis of paleontological evidence, only the middle
Miocene (Vindobonian) is represented here.

These beds

overlie Cretaceous deposits in most cases, although they
overlie the Abu Shaybah Formation of Jurassic and Triassic
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Figure 13. Loose sand at base, tinder lying
reef beds at top. Al-Khums Formation,
Location: Section R.

36

age in some locations at the west edge of the area.

The

Miocene beds usually can be best examined in the wadis
which are cut deeply through the low, rolling hills of
Miocene deposits.
Names for the subdivisions of the Al-Khums Formation,
the only Miocene formation in the dissertation area, have
not been formally established to accommodate the specific
nature of the rocks in this area.
been proposed by the writer.

Informal names have

Such informal subdivisions

(members, beds) are currently accepted by the stratigraphic
nomenclature rules (Code of Strat. Nomen., 1961, Rule 8a;
Hedberg. 1976, p. 35).
1.

Al-Khums Formation.

No formation names were es

tablished for the Miocene deposits until 1975 when the In
dustrial Research Centre introduced the name Al-Khums For
mation after the town of Al-Khums, in which vicinity good
exposures are found.

The Industrial Research Centre re

ports estimated the Al-Khums Formation to be about 100
meters thick but the writer's work shows that more than
155 meters occur in two composite sections at the Naggaza
(Nag.) and M7 localities.

Toward the eastern part of the

area, the section seems to be even thicker, about 175
meters in a borehole; even so, it did not reach the
Cretaceous contact, nor was it started from the highest
exposed Miocene beds at the surface.

In that area a thick

sand unit forms the lower part of the section in the
borehole.

This sand was observed only in the subsurface
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Figure 14. Conglomeratic bed at the base of AlKhums Formation with flattened pebbles, reworked
corals.
Location: Naggaza road cut section.

Figure 15. Massive reefoid bed at Section R,
coral heads in situ at base of the bed. Location:
Section R.
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at that area.
It was found that the formation is variable in
thickness because of pre-Miocene topography, but the effect
is more noticeable in the lower part of the section while
the upper part (Mannubia Member) is fairly uniform in lith
ology, not as variable in thickness and is usually thicker
towards the east.
Although the lithology of the formation is quite
variable from one place to another in the lower part

(Lower

Member) it was found that the units could be correlated
throughout the area of study when attention is given to
the sequence of deposition (See Plate 5).
The writer considers it appropriate to subdivide the
formation into two members (Figure 3).

He suggests that

the upper part of the section be called the Mannubia Mem
ber since it is well exposed at Mannubia Hill (Sec. M 7 ,
Figure 72) just west of the cement plant.

This location

is also near the town of Al-Khums after which the formation
was named (Figure 12).

The lower part of the Al-Khums

Formation is here designated the Lower Member.
a.

Lower Member.

No geographic locality name has

been suggested for this lower member of the Al-Khums
Formation since the whole member is not conveniently ex
posed at any one place, and furthermore, the facies change
makes it difficult to find a section that is typical of
the whole member.

However, the Naggaza section (Sec. Nag.

Figure 73) contains all units of this member and is the

Figure 16.

Distribution of Spar, Micrite, and Allochems in the Reefoid Beds
in the measured sections Nag., R, S, T, U, X, and Y.
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Figure 17. Reworked coral heads imbedded in
reefoid bed. Location: Naggaza road cut
section.

Figure 18. Massive Reefoid Beds rich in
coralline algae. Location: Naggaza road
cut section.
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most reasonable choice for a type section in the dis
sertation area.

The thickness of this member is variable,

being controlled by the pre-Miocene topography and, as a
result, in some places it pinches out entirely (Section 0),
while in other places it exceeds 110 meters (Naggaza Sec
tion) , where the pre-Al-Khums topographic relief is quite
low as a result of either erosion or structure.

In order

to simplify the understanding of the lithology of the mem
ber, the writer suggests two subdivisions in this member
(Figure 3) :
i.

Reefoid Beds.

The reefoid beds represent the

base of the Miocene in some parts of the area under study,
while they are missing in other areas where the environment
was not appropriate for their deposition.
is also variable for the same reason.

Their thickness

The Reefoid Beds

are usually underlain by a fine to medium-grained, poorly
cemented (Figure 13), calcareous sand bed, fossiliferous
at the top.

This sand becomes conglomeratic in places with

pebbles and cobbles flattened and variable in size (Figure
14).

The thickness of the sand has been found to be

variable but it is as thick as 20 meters at the Naggaza
section and as thin as four meters at Section X.

Size

analyses of the sand in Section Nag., X, R, and S show
that this sand bed resembles beach sand.

Overlying this

sand bed is a biosparite containing algae, corals, and
pelecypods forming a biostructural reef structure.

The

term reefoid beds was applied here as a descriptive term
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Figure 19. Photomicrograph showing molds
of probably molluscan debris filled by
sparite, Reefoid Beds. Location:
Section
Y.

Figure 20. Photomicrograph showing bryozoans, (right) and pelecypod fragments
(center). Reffoid Beds., Nag. Section.
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Figure 21. A Peoten coquina, Al-Khums Formation,
Clay and Detrital Limestone beds.
Location:
Naggaza road cut section.

Figure 22. Gezzar Dolomite, below, overlain by
marl bed of the Lower Member of the Al-Khums
Formation.
Caliche caps the marl. Location:
Abandoned quarry east of Naggaza Section.
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for the beds with reef structures.

These reefoid beds are

massive, ledge-forming with fossil fragments partially
dissolved (Figures 15, 16, 18, 19, 20).

In the Naggaza

Section, these beds are 56 meters thick with corals con
centrated in the lower part (Figures 15, 17), while the
algae are scattered throughout the whole unit; echinoids,
bryozoans, and pelecypods also form coquinas at places in
the upper part (Figure 21).

In sections R, S, T, and X,

the beds are only partially exposed and are about 11 meters
thick.

These reefoid beds were traced to the western part

of the area (Figure 55).

In the Wadi Caam area other

reefoid beds occur at the Cretaceous-Miocene contact.
These beds are believed to be deposited under similar
conditions as those in the west but at a later time.
ii.

Clay and Detrital Limestone Beds.

This subdi

vision consists of brownish yellow marlstone, argillaceous
limestone, and detrital limestone, sandy to silty, interbedded with green, mostly gypsiferous clay beds.

These

beds are the most fossiliferous units in the entire AlKhums Formation with pelecypods, gastropods and echinoids
very common (Figures 21, 23).

They weather to gentle slopes

so that the beds are not well exposed.

The thickness of

these beds is variable as previously mentioned.
about 26 meters thick at Mannubia

They are

(Section M7) and become

thicker eastward, as 50 meters were measured at Section G
in Wadi Lebdah, although the base of the section was not
reached.

Most of the strata at BHl and BHll are considered

Figure 23.

Distribution of Spar, Micrite and Allochems in the Clay and Detrital
Limestone Beds in the measured sections B, G, H, Nag., M7, BHl, and
BH11.
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as belonging to these beds.

Considering that these are

subsurface sections and comparing them with the similar
beds in sections B and G, which are at higher elevations,
it is suggested that the upper part of these beds were
eroded in the case of BH1 and BHll.

Going west from these

areas the clay and detrital limestone beds decrease in
thickness until they entirely disappear in Section 0.
These beds were observed again just northwest of Section 0
in a small abandoned quarry along the old coastal highway
(Figure 22) about one kilometer from Section 0.

These

beds were also observed north of Section 0 and the aban
doned quarry.

At the Naggaza Section (Sec. Nag.) these

beds measure about 35 meters in thickness, and continue to
thicken toward the west.

Again, this variation of thick

ness is a result of the pre-Miocene topography and the
transgression of the Miocene sea onto the uneven surface.
b.

Mannubia Member.

The Mannubia Member can be

traced from the western border of the area to Zliten on
the east.

It appears that the Miocene sea was less oscil

latory and energetic during the deposition of these beds
than it was during the deposition of the lower beds.

The

thickness of the Mannubia Member ranges from 30 to 60 meters
and gradually thickens toward the east-southeast.

It is

slightly fossiliferous in the upper part, unfossiliferous
in the middle and foraminifera-rich in the lower part.
Lithologically, this member can be further subdivided into
three informal units

(Figure 3) which were useful in the
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Figure 24. A photograph of a hand specimen
of melo Bed, with abundant Borelis melo and
other foraminifers pelecypods and gastropods.
Location: Section M 7 .

Figure 25. Photomicrograph showing biosparite
of melo Bed, with abundant Bovelis melo and
other foraminifer species. Location: Section
M7.

Figure 26.

Distribution of Spar, Micrite and Allochems in the Chalky Beds and melo
Bed in the measured sections B, C, G, H, M7, Nag., and 0. Note the
concentration of Micrites in the Chalky Beds.

00
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field.

These subdivisions are described below.
i.

me lo Bed.

Mannubia Member.

This unit forms the lower part of the

The name melo Bed was chosen for it

because of the abundance of the foraminifera species
Bovelis melo, and its importance as a lithologic consti
tuent of the bed (Figures 24, 25, 26).

The melo Bed is

composed of white to light gray and sometimes sandy to
silty limestone, with rounded two-to 20-millimeter diameter
limestone pellets at the base.

It is hard, medium-bedded

and sometimes poorly bedded, ledge-forming and conglomeratic
in its lower part (Figures 27, 30).

In the Mannubia sec

tion the bed is underlain by a thin, poorly cemented con
glomeratic bed, rich in reworked corals and other fossils.
The equivalent bed in Section G is cross-bedded, conglo
meratic and interbedded with oyster shells.

This bed is

four to seven meters thick.
It was probably a regressive phase that brought about
the development of the conglomeratic bed.

A more stable,

quite, deeper environment was created by a second trans
gression phase forming the upper part of the melo Bed,
the overlying Chalky Beds, and the Honeycomb Beds.

The

melo Bed is usually underlain by the Lower Member but in
the western part of the area (Section O, for example), the
melo Bed rests directly on either the Gezzar Dolomite or
Ain Tobi Formation.

The melo Bed was very helpful in this

study as a key horizon throughout the area.
ii.

Chalky Beds.

Overlying the melo Bed are the
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Figure 27.

Photomicrograph, of conglomeratic
bed at base of melo Bed. Large
intraclast at right. Dark intra'
clasts probably organic.
Clear
grain below middle is quartz.
Location: Section H.

Figure 28.

Photomicrograph showing micrite
in Chalky Beds. Location:
Sec
tion P.
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Figure 29. Honeycomb Beds forming a ledge
over the crumbly, irregular bedded, Chalky
Limestone Beds. Location:
East of Section
M7, looking north.

Figure 30. Chalky Beds on top of melo Bed which
is underlain by the Clay and Detrital Limestone
Beds of the Lower Member. Location:
Section P.
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white chalky limestone beds, usually irregularly bedded,
crumbly, but in some cases medium-bedded and hard (Figs.
26, 29, 30).
upper part.

The beds have some limestone pebbles in the
These beds contain clays in the upper part

and sand and silt in the lower part with a silty clay bed
of about one-half meter thick at the top.
beds are white or some shade of gray.
exposed.

These chalky

They are not well

They are readily eroded, but very diagnostic

wherever present.

It was noticed that these beds thicken

from west to east as they are only 19 meters thick at
Mannubia and they increase to 40 meters at Section H in
Wadi Caam, while over 35 meters were measured at Wadi
Dakar (Section C) east of Wadi Caam where the base was not
accessible.

These beds are only partially exposed south

and southwest of Mannubia where the overlying Honeycomb
Beds were eroded.

Their white color, lack of fossils,

irregular bedding, and micritic character (Figures 26,
28, 29, 31) are diagnostic features.

Rarely, poorly pre

served ostracodes were observed in some exposures of the
Chalky Beds, and at Sections H and C some gastropods were
observed in the upper part.
iii.

Honeycomb Beds.

The Honeycomb Beds are a

medium-to thick-bedded resistant limestone which weathers
to a very distinctive porous rock suggestive of an enlarged
honeycomb (Figures 32, 33, 34).
shade of gray.

The color is usually some

Some cavernous structures occur in the

lower part of the unit.

The unit is usually not
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Figure 31. Photomicrograph of Chalky Beds,
showing typical micrite with sparite veinlets. Location:
Section P.

Figure 32. Photomicrograph showing the
characteristic sparite of Honeycomb Beds.
Some algal structures center, dark areas
are recrystallized algal structures.
Location:
Section M 7 .

54

Figure 33. Typical ledge-forming Honeycomb Beds.
Beds are capped by caliche. Location: Ras AlMannubia.

Figure 34. Closeup view of the typical weathered
surface of the Honeycomb Beds top of Ras Al-Mannubia just east of Section M 7 .
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fossiliferous, except for gastropods and algae which are
locally common.

The Honeycomb Beds are most distinctive

on Mannubia Hill southwest of Al-Khums.

These beds repre

sent the youngest Miocene preserved in this area.
c.

Regional Correlations of the Miocene.

The Middle

Miocene beds are recorded for various areas of northeastern
Africa (See Figure 35).
Although there have been no comprehensive biostratigraphic studies on the Middle Miocene of Jabal Ackdar (north
eastern Libya), the report of the Industrial Research Centre
on the Benghazi Sheet indicates that the Ar-Rajmah Forma
tion in that area is of Middle Miocene age which is equiva
lent to the Al-Khums Formation.
Lithologically, the lower parts of these two forma
tions are similar.

A milioid bed rich in Borelis melo,

Quinquiloculina spp. and others is reported to form the
lower part of Ar-Rajmah Formation (upper part of the Ben
ghazi Member).

This bed is probably equivalent to the

melo Bed of the Al-Khums Formation in the dissertation area.
Algal limestone beds were also reported in the lower part
of the Ar-Rajmah Formation.

The amount of clay, however,

seems less than that in Al-Khums Lower Member.
The microfauna, reported from the lower part of ArRajmah Formation, which also occur

in the Al-Khums

Formation includes:
Heterostegina heterostegina (Silvestri)
Ammonia becearii (Linnaeus)
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Cibicides pseudoungerbanns (Cushman)
Cibicides praecinctus (d'Orbigny)
Cibicides boueanus (d'Orbigny)
Eponides haidingeri (d'Orbigny)
Asterigerina planovbis (d'Orbigny)
Elphidium advenum (Cushman)
Elphidium crispum (Linneaus)
Elphidium craticulatum (Fichtel and Moll)
Borelis melo (Fichtel and Moll)
The upper part of the Ar-Rajmah Formation (Wadi al
Qattarah Member) showed differences in lithology from the
Mannubia Member of Al-Khums.

Although the Wadi al Qattarah

Member is sometimes irregularly bedded like the Chalky
Limestone Beds of the Mannubia Member, they are oolitic,
cherty, and with some gypsum beds and crystals.

These

features were not observed in the Mannubia Member.

Like

the Mannubia Member, the Wadi al Qattarah Member is quite
unfossiliferous.

Only three species of foraminifera were

mentioned, none of them represented in the Mannubia Member.
Barr and Walker (1973) reported that the Al-Jaghbub
Formation (Middle Miocene) from the eastern Sirte Basin,
Libya is equivalent to the Ar-Rajmah Formation of the Jabal
Ackdar area.
thick.

This formation was reported to be 115 meters

An unpublished report by CORI (an oil company)

on the area of concession no. 82 (located near Al-Jaghbub
S.E. Sirte Basin), also discussed the stratigraphy of the
Al-Jaghbub Formation (listed as Giarabub in the report).
The report mentioned that the formation is about 120 meters
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thick and consists of whitish and gray or yellow limestone,
clayey, marly, with echinoids, corals, gastropods, and
lamellibranchs dominant.

The species Neoalveolina melo

(Middle Miocene) was found to be common in its upper
part.

The Al-Jaghbub Formation was also listed by Barr

and Walker (1973) as being equivalent to the Western
Desert

(W. Egypt) Marmaraica Limestone of (Middle Miocene

in age) .
Said (1962) discussed the Marmaraica Limestone in de
tail and gave a variable thickness for it ranging from 78
meters near Siwa Oasis not far from the Libyan border in
the southern limit of the formation to 167 meters toward
the north at Faghur Oasis along the border with Libya,
this formation is formed of white and chalky limestone,
rich in neritric and reef assemblage with Borelis melo3
Quinquilooulina akneriana} oysters, echinoids and pelecy
pods being common.

Said mentioned that the Marmaraica

Limestone is a thin carbonate blanket deposited under
shallow and stable conditions.

It can be traced east to

the Nile River.
Continuing to the area of Cairo-Suez region, an
equivalent unit was also assigned by the various authors
as being Middle Miocene and correlative with the Marmaraica
Limestone.

This unit contains a variety of oysters, pec-

tenids, corals, echinoids and bryozoans.

In the Gulf of

Suez area, an arm of the Mediterranean joined the Gulf of

(_n

oo
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Suez trough depositing sediments along the gulf.

Although

dating of these sediments is still under discussion, it
seems that there is a general agreement for considering
the upper part of the well-known Globigerina Marl and the
thick evaporites as Middle Miocene in age, even though no
good stratigraphic markers have been reported so far.
Souaya (1963-1966) made some intensive studies on the bio
stratigraphy of the Gulf of Suez Miocene including the
Middle Miocene beds.

In his study (1963) on the area he

indicated that the upper part of the Gebel Ghara section
east of Cairo is Vindobonian in age.

Souaya reported

that the species fleoalveolina melo is fairly common in that
part of the section.

Although there some similarities

of the faunal content with that in the dissertation area,
there are numerous differences, besides the differences
in lithology.

This could be explained by the different

environments under which each of these two were deposited.
The fact that the Mediterranean was open to the Gulf re
sulted in different conditions and introduced the Indian
Ocean species to the area along with the Mediterranean
forms.

This coupled with the depth variation and other

physical factors made the correlation far from easy.
Barr and Walker (1973) reported that the Miocene de
posits in Tunisia were influenced by local orogenic acti
vities.

During the Middle Miocene, most of Tunisia was

covered by the sea except for southeast and northwest parts.
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These beds consist of a succession of shale, clay, and
sandstone interbedded with lignitic beds, oyster coquinas
and occasionally gypsum.

It becomes lagoonal toward the

south, till it reaches a town of Gafsa in southern Tunisia
where it becomes continental.

Bourollet (1967) mentioned

that this formation (Oum Douil Formation)

is Vindobonian

in age, but mentioned no foraminifera in this unit.
In the Sirte Basin area the upper part of Marada
Formation is probably of Middle Miocene age.

Barr and

Weegar (1972) reported the lower part being Burdigalian in
age, but the age of the upper part which is rich in oysters,
corals and other fossils is still uncertain.

However,

Selley believes that the entire Miocene section of the
Sirte Basin is Burdigalian in age with no Vindobonian de
posits in that area (R. Selley, in personal communication).
In their long study on the origin of the Mediterran
ean evaporites Hsu et al.

(1973) reported in the volume

of the "Initial Reports For Deep Sea Drillings," that in
their drillings they reached the Middle Miocene deposits
in the deep eastern Mediterranean after penetrating the
evaporite unit.

The interesting observation reported by

the authors was that the Middle Miocene deposits

(Lang-

hian) were deposited under free circulating water
conditions, while other younger marls had indicated a
stagnation stage.

The authors believed that this was

because of the closing of Mediterranean-Indian Ocean
connection and the narrowness of the Gibraltar.

In the
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area, the authors cored some Messanian (Upper Miocene)
brackish-water ostracodes which again led them to consider
the possibility of a closed Mediterranean during the late
Miocene.
D.

TERTIARY SYSTEM - PLIOCENE SERIES
Lipparini (1940) reported the presence of Pliocene

deposits in the area between Al-Khums and Zliten resting
on top of Al-Khums Formation.

In 1970, Goudarzi mentioned

these beds in the area and further east towards Misrata
and Wadi Suffaggin.

These beds are mainly conglomerate

and sandstone and probably continental in origin.

In the

area under study, the only place that might have these de
posits is along Wadi Ghanimah just north of the Coastal
Highway.

In that locality, some conglomeratic deposits

were found unconformably above the Al-Khums deposits.
These deposits might also be present in the nearby areas
but lack of good exposures makes it difficult to confirm
or deny this suggestion.

Whether those deposits belong to

the Pliocene that were described by Lipparini and Goudarzi
or whether they are younger is not known since no fossils
were found in them.

The Industrial Research Centre geo

logists mentioned nothing about the presence of the Pliocene.
E.

QUATERNARY SYSTEM
Quaternary deposits are not yet understood as well as

the older units in the area.

The main reason for that is

probably the lack of comprehensive effort oriented toward
studying these deposits, although some workers have
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Figure 36. Cross-bedded calcarenites of the
Gargaresh Formation, forming sea cliff; north
west of Zliten.

Figure 37. Eolian deposits along the Mediter
ranean Coast accumulated around semidesert shrubs
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discussed these deposits in a general way in their studies.
Hey (1962) worked on the Quaternary deposits of the
Jabal Nefusa and at the west edge of the dissertation
area and in his study he tried to use the prehistoric as
well as historic artifacts for his interpretation of the
history of the deposition of the Quaternary deposits.
Vita Finzi (1971) studied the Quaternary in areas in
northern Libya among which was Wadi Lebdah, just east of
Al-Khums, was included.

He classified the Quaternary

deposits in that area and compared them with other areas.
The various Quaternary deposits in the area of dissertation
are discussed in the following sections.
1.

Gargaresh Formation.

This unit has been known as

a source rock for building stone for years, but it was not
geologically studied till recently.

The name refers to a

suburb of Tripoli by the name of Gargaresh from which the
rocks were heavily quarried for construction.

It was re

ferred to as Gargaresh Calcarenite or Gargaresh Sandstone,
until 1975 when the Industrial Research Centre introduced
the name Gargaresh Formation.
This rock unit crops out only along the coast and
usually forms sea cliffs of a few meters height or is cov
ered by eolian deposits where sand beaches are dominant
(Figures 36, 38).

The unit extends only a short distance

inland where it truncates older units.

Mineralogically,

the unit consists of quartz and carbonate grains, most of
which are fossil fragments, especially foraminiferal tests
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and macrofossils, white or light yellow in color; some
times it is very well cemented while in others very friable
and cross-bedded.
These rocks are believed to be mostly Pleistocene in
age with the upper part probably Holocene.

Marine fossils

occur in the lower part while terrestrial fossils occur
toward the top, indicating that the upper part is continen
tal .
By comparing the deposits near Tripoli with those in
the dissertation area, it seems like there is more quartz
in the area of study than there is near Tripoli.

This

probably is related to the variable supply of sand in both
areas during the deposition of the unit.
Hey referred to these deposits as marine dunes, under
lain by a marine conglomerate which represents an old beach.
Lipparini (1935) identified Pleistocene lamellibranchs
and gastropod species from some areas near Tripoli and from
Zuara.

These fossils were identified as Tyrrhenian in age

by Lipparini, three of these representing the Strombus
zone which led him to think of a major marine trans
gression during Tyrrhenian time extending inland as far as
Sug-Essbat (35 km south of Tripoli).

This idea was

questioned by Hey since he could not confirm the existence
of these deposits inland; however, he agreed on their
presence in more than one place along the coast.
Al-Khums area the I.R.C. geologists

In the

(1975) identified them

as mainly calcareous with minor amounts of quartz grains
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and considered these deposits to be marine and Pleistocene
in age.
The I.R.C. geologists mentioned that similar sediments
from the island of Jerba in Tunisia were dated by C

14

and

were found to range from Holocene to late Pleistocene.
Goudarzi

(1971) suggested that these deposits were blown in

to form dunes and later cemented.

Lipparini suggested that

the cemented dunal deposits were deposited on the Tyrr
henian marine deposits during the wiirmian Glaciation.
Above these dune deposits more beds were deposited which
consist of poorly cemented, reddish, clayey, fine sand.
Lipparini added that the Tyrrhenian deposits tectonically
dropped below sea level east of Al-Khums, towards Misrata,
probably related to the depression which forms the Tawargha
Sebkha.
2.

This idea was not accepted by Hey (1962).
Eolian Deposits.

The eolian deposits occur as

fine sand to silt, forming blankets or less commonly dunes,
mainly along the coastal belt.

This sand is usually med

ium-brown to yellow-brown in color and along the coast it
is sometimes very light gray.

It is mainly composed of

quartz except along the beach where it contains a high
percentage of carbonates, usually fossil fragments.

The

sand grains are subrounded to rounded, sometimes thinly
coated by iron oxide which gives them the brownish color
(Figures 37, 38).
The thicknesses of these sediments in the area never
were noted to be more then few meters thick; however, it
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Figure 38. Friable beds of Gargaresh Formation
partly covered by eolian deposits at Wadi
Ghanimah at the Mediterranean Coast looking north.

M '- i

Figure 39. Fluvio-eolian deposits showing
typical loess-like vertical walls along a
stream. Al-Khums Formation beds on background.
Location: Wadi Caam.
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was reported it becomes as thick as 50 meters out of the
area.

In this area the deposits are usually of low, poorly

defined dunes on the sides of some hills and covering in
some places the gentle sea cliffs of Gargaresh Formation
which was discussed earlier (Figure 38).
These wind-blown deposits are believed to be reworked
from other eolian deposits which in turn have a possible
desert origin but the exact origin of these deposits is
still not clear.

Hey (1962) in his discussion of their

origin described what he calls plateau silts which are
unbedded and uncemented sands covering the plateaus of
Garian and surrounding areas.

He referred to Stella (1914)

and Rathjens (1928) as believing that these sediments are
not from the local areas and may be from the Sahara.
Desio et al. (1963) briefly mentioned these plateau deposits
as being eolian red sands.

The grain size of these sedi

ments, about 0.1 mm in diameter, does not rule out their
desert origin, as they probably transport to the north by
wind, common during the dry season.

The lack of vegetation

and the other natural barriers helps in transporting these
sediments by wind along with coarser materials.

The

coarser sediment would then settle before they reach the
coastal areas while these sediments would be carried
further to be settled along coastal areas.
3.

Fluvio-eolian Deposits.

Fluvio-eolian deposits

exceed by far the other Quaternary deposits in aerial dis
tribution in the area.

They form a blanket over the
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Upper Cretaceous and Miocene bedrock.

The thickness of

these deposits average 20 to 25 meters in the lowland
areas and is somewhat less in the plateau areas of the
northwestern and southeastern parts of the dissertation
area.
It seems that most of these materials are wind-blown
in origin.

Occasional interruptions by fluvial activity

resulting in an accummulation of coarser materials of sand
to pebble-size were noticed.

In general, these deposits

are concentrated along the valleys, while those in the
plateau areas are more uniform sheet-like deposits, and
are essentially of eolian origin.
The sediments are usually brown to yellow in color
and are predominantly fine sand to silt size with little
clay admixture.

The grains are usually subangular to

subrounded, mostly quartz with some iron oxide coating the
grains.

A carbonate cement and some fine calcareous

materials seem to give these materials the ability to main
tain columnar structures

(Figure 39).

Accumulation plot

of a sample from Wadi Caam shows a curve very similar to
those described for loess

(Swineford and Frye, 1955) which

shows a large "tail" of finer than coarser grains

(posi

tively skewed); however, the median diameter of this
sample is noticeably coarser (0.074 mm) than the range re
ported by Swineford and Frye (0.06 to 0.03 mm).

This

sample is also finer than the previously discussed eolian
sediments, more compact, and has a higher calcareous
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content.

Hey

(1962) in his paper on Quaternary deposits

of northern Libya described the terrace deposits in Jabal
Nefusa area and considered them similar to the plateau
silts which cover the high lands except that those terrace
deposits were partly fluvial rather than entirely eolian.
Hey gave 0.1 mm as an average diameter of these sediments.
Stella (1914) and Rathjens

(1928) wished to consider these

deposits as loess materials.

They compared them with the

loess deposits of China and North America.

Smalley and

Vita Finzi (1968, 1971) rule out these deposits as being
loess mainly because of their coarse size, and mineralogical composition.

Gray (1971) referred these sediments in

the Garian area as loess with reservations, while the
Ministry of Agriculture report on Wadi Caam project
written by Energoprojekt

(1971) simply referred to these

sediments as loess.
Judging by the few sieving analyses on these sedi
ments the writer treats these deposits as fine sands
rather than silt materials.

They are considered to be

deposited mostly by wind but they were occasionally re
worked by water.

They mainly originated from the Sahara

sands, the coarser sands remaining in that area and the
finer sands and silts being transported father toward the
coastal area, with the finest materials transported as
dust into the southern Mediterranean Sea.

Under any cir

cumstances even if these deposits were classified as loess
materials, I believe they should be considered as
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Figure 40. Gravelly wadi deposits
at bottom, overlain by thick fluvioeolian deposits.
Location:
Wadi
Gerrim.
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redeposited presumably by intermittent streams.

However,

if we allow the larger average size of the loess, all the
other features of these deposits such as the diagnostic
positive skewness, suggest that it is loess.
4.

Sebkha Deposits.

The sebkha deposits consist of

silt and fine sand materials with clay admixture and
usually contain fine crystals of halite and gypsum.

These

deposits are formed in a small coastal depression area
2
eight to nine km just northwest of Ain Caam.
This de
pression is bordered on the south by some thin windblown
deposits and from the north it is separated from the sea
by calcarenitic "Gargaresh" deposits.

This depression is

the only one of its kind in the area.
The clastic materials were blown into the area by
wind, and also were transported by stream water during wet
seasons.

As the collected rainwater and possible sea water

evaporates and drains, the silt and clay deposits will
concentrate sodium chloride and gypsum crystals.
Wadi Deposits.

The wadi deposits are poorly

sorted clayey to bouldery gravels that are usually present
in the bottom of the wadis

(Figure 40).

These deposits

are mainly derived from Upper Cretaceous and sometimes
Miocene and less frequently from igneous sources.

In the

northern part of the area where the wadi gradients are
less steep the gravels are finer, more rounded while they
become coarser and more angular towards the south.

They

form the bottom of the present wadis as well as previously
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Figure 41. Multiple layer of caliche deposits
Location: Along Mediterranean Coast west of
Al-Khums.
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existing courses giving a good indication of the develop
ment of the wadis.

Very often a calcareous crust caps

these gravels and sometimes even more than one calcareous
crust was noticed.

Hey (1962) described these deposits

as part of terrace deposits, while Desio et al.
briefly treated them in his text.

(1963)

The name "Libda de

posits" was applied to these by Vita Finzi (1971).
Industrial Research Centre geologists

The

(1975) treated these

deposits in their explanatory booklet on the Al-Khums
Sheet.
6.

Caliche Deposits.

The short rainfall season

and

the high evaporation during the dry months lead to the
concentration of calcium carbonate and other salts at or
near the surface forming a thin layer which builds up
with time to a light brown, hard, calcareous crust.

This

layer is usually found capping the bedrock exposures of
Miocene and Cretaceous as well as the Quaternary deposits.
These crustal deposits create a problem in the field as
they mask the exposures in most places which makes it
difficult to study the underlying beds.

Vita Finzi (1971)

reported more than one layer of these crusts coating the
deposits in Wadi Lebdah in the central part of the area.
The crust is usually a few centimeters thick but it cements
the loose materials below it and frequently repeats itself
to form a zone of layers sometimes more than a meter thick
(Figure 41).

This zone is usually fairly uniform on its

upper surface while it is transitional toward the country
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rock underneath.

These caliche deposits veneer the sur

face exposures of the Al-Khums Formation and at places,
the wadi walls.

When the easily eroded deposits, such

as those of the Al-Khums Formation, erode from under the
hard caliche cap they form caves of a few meters' diameter
and depth.

These small caves eventually collapse partially

or completely.

Eolian and fluvio-eolian deposits as well

as rainfall tend to accumulate forming a small favorable
area for trees and shrubs to grow.
Because of the inconsistency of these caliche de
posits and their limited thickness, they are not considered
in this study as a separate unit.

The writer wishes to

point out, however, the wide distribution of these de
posits in the area and in Jabal Nefusa in general.
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III.

MIOCENE BIOSTRATIGRAPHY

In order to understand the distributions and ranges
of the foraminifera species included in the Al-Khums
Formation, it was necessary to study the fossil content of
the formation in detail.

Foraminifera species were

identified and their distributions were plotted (Figures
44-52).

All of the foraminifera species that were studied

are illustrated on plates 6-9.

References that were used

for the study of the species were chronologically listed
in Appendix B.

On the basis of their ranges and distri

butions the fossiliferous part of the Al-Khums Formation
was divided into three Assemblage Zones:
Nonion

boueanum3

Nonion

boueanum

Elphidium

orispum3

and L e n t i o u l i n a sp. Assemblage Zones.
and L e n t i o u l i n a sp. Zones are present in

most sections while the E l p h i d i u m o r i s p u m Zone is consi
dered rather local and only distinguishable at the Naggaza
road cut section (See Figure 42).

In the sections that

are located closer to the Miocene shoreline

(Sections U,

M 7 , and P), only the L e n t i o u l i n a sp. Assemblage Zone is
present, while the sections which were developed in the
offshore portion of the Miocene sea have a sequence of the
other zones as well.

A good example is Section BH1

(lo

cated offshore relative to sections B and G) in which the
Nonion

boueanum

Assemblage Zone is fairly thick relative

to the other sections.

In section B and G only the upper

part of the N o n i o n b o u e a n u m Assemblage Zone is present.

In
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section BH11, however, the Globigevinoid.es tvilobus Sub
zone

(of the N. boueanum Zone) is not present, the upper

part of the Assemblage Zone is thicker than in B and G
sections.

The Lentioulina sp. Assemblage Zone is assumed

to have been removed by erosion in sections BH1 and BHll,
while it is well preserved in M 7 , U, and G sections, and
partially preserved in section B.
A.

ELPHIDIUM CRISPUM ASSEMBLAGE ZONE
The Elphidium ovispum is the lowest zone in the

Miocene section.

It is only found in the Naggaza section

in the western part of the area

(Figures 42, 44).

It

occupies a 40 meter span of detrital limestone and some
clay beds.

It coincides with most of the Reefoid Beds of

the Lower Member which was discussed previously.

It is

distinguished by the common occurrence of Elphidium ovis
pum3 and the common occurrence of Bovelis pygmaea in the
lower part.

The species Quinquelooulina laevigata3 Q.

luoida, Q. akneviana3 Q. lamavckiana and Tvilooulina
tvigonula were also observed in this zone.

These species

of Quinquelooulina and Tvilooulina which are common
here temporarily disappear in the lower part of the
Nonion boueanum Assemblage Zone (Globigevinoides tvilobus
Subzone).

They reappear in the upper part of the Nonion

boueanum Zone and continue upwards to the Lentioulina sp.
Assemblage Zone.
The temporary disappearance of these species is
possibly related to a change in the environment of

Figure 42.

E-W cross section of the Al-Khums Formation showing foraminiferal
zones.

-j
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deposition which led to the isolation of these species.
At the end of the lower part of the N o n i o n b o u e a n u m Zone
(G l o b i g e v i n o i d e s

tvilobus

Subzone) the environments of

deposition became favorable again for their survival which
resulted in their reappearance.
1.

Bcvelis

pygmaea

Zonule.

This zonule is only

about five meters thick, forming the lowermost part of
the Reefoid Beds

(Samples 2-7 of Naggaza section).

This

zonule is recognized by the presence of the species
Bovelis
melo.

pygmaea

accompanied by a rich suite of B o v e l i s

Although the species B. p y g m a e a is only present

in this zonule, B o v e l i s m e l o is present throughout the
studied sections.
The other species that appear in this Assemblage
Zone as well as in the other Zones above are:
Elphidium

evyptostomum

Elphidium

flexousum

Elphidium

vogosum

Elphidium

advenum

Elphidium

macellum

T extulavia

latevalis

Textulavia

sagitula

Amphistegina
Robulus

les s o n i i

sp.

Cibicides

boueaunus

Cibicides

aknevianus

Rotalia

beccavii

Rotalia

cf.

R.

audouini

Globulina

inaequalis

Globulina

gibba
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Discorbis

obtusus

Asterigerina

planorbis

Heterostegina

heterostegina

Macrofossils in this zone are also abundant.

The beds

are very rich in layers of oyster beds, P e o t e n beds,
echinoids, and coral "heads."
also observed.

Some vertebrate teeth were

This zone is rich in coralline algae, of

which A r c h e o l i t h o t h a m n i u m is conspicuous.
were also found common in this zone.

Ostracodes

These fossils to

gether with the above-mentioned microfossils and the
lithologic characteristics show a very good indication
of the conditions under which these sediments were de
posited.

This environment will be discussed later in

the text.
B.

NONION

BOUEANUM

ASSEMBLAGE ZONE

The N o n i o n b o u e a n u m Assemblage Zone overlies the
Elphidium

orispum

Zone in the Naggaza road cut section

(Section Nag.) and overlies the Cretaceous-Miocene con
tact everywhere else.

The lower part is rich in

coralline algae, especially A r e h e o l i t h o t h a m n i u m 3 and
the whole zone is rich in pelecypods, echinoids, ostra
codes and locally bryozoans.

This zone is present in

sections B, G, Nag., BHl, and BH11

(Figures 42, 44-48).

It was found that the thickness of this zone is
variable from one section to another depending upon
whether the section is located close or far from the
Miocene coast line.

Although the total thickness of
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this zone was never found in one location, it was es
timated over a hundred meters in thickness (near BHl
and BH11).

In sections M 7 , U, Z, and P this zone pinches

out and the Lentioulina sp. Zone rests on the Cretaceous
rocks (Figure 42).
of

While in the area of Section 0, all

the underlying zones pinch out and the melo Bed rests

directly on the Ain Tobi Formation (See discussion on
this subject in the Chapter II, "Stratigraphy").
1.

Globigerinoides tvilobus Subzone.

This subzone

was observed only in the Naggaza road cut and BHl sections
(Figures 42, 44, 45) and was not identified between these
sections due possibly to non-deposition.

In the Naggaza

section it includes 24 meters of reefoid, detrital, algal
limestone.

It is distinguished by the presence of the

species Globigerinoides trilobus and Elphidium ungevi
supported by the presence of the species Textularia
sagitula, Textularia calva, and Cibicides praecinotus.
The species Cibicides aknerianus and Textularia lateralis,
however, terminate, as do the other species of Textularia
at the top of this Subzone, but their range continues
downward into the Elphidium crispum Assemblage Zone.
Species that are found in the Globigerinoides tri
lobus Subzone and continue up to the upper part of the
Nonion boueanum zone are:
Nonion boueanum
Nonion elongatum
Nonion microumbilicatum
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Amphistegina lessonii
Eponides boueanum
Elphidium crysptostomum
Elphidium flexousum
Elphidium advenum
Elphidium antoninum
Elphidium crispum
Elphidium macellum
Borelis melo
Cibicides boueanus
Rotalia beccarii
Rotalia cf. R. audouini
Globulina inaequalis
Globuina gibba
Guttnlina problema
The species that are absent from the Globigerinoides
trilobus Subzone and appear in the upper part of the
Nonion boueanum Assemblage Zone and in the Elphidium
crispum Assemblage Zone are:
Quinquelooulina laevigata
Quinquelooulina luoida
Quinquelooulina akneriana
Quinquelooulina lamarokiana
Trilooulina trigonula
a.

Heterostegina heterostegina Zonule.

This zonule

only occurs in a thin clayey unit of less than two meters
thick.

It is distinguished by the abundance of the

species Heterostegina heterostegina and the richness of
the unit in bryozoans.
abundant.

Other macrofossils are also

All the microfauna that were listed in

Globigerinoides trilobus Subzone are present here.
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C.

LENTIOULINA SP. ASSEI4BLAGE ZONE
The Lentioulina sp. Assemblage Zone occurs in the

lower member of the Al-Khums Formation, and in the melo
Bed.

It was observed in the sections B, G, M 7 , P, U and

Z (Figures 42, 47 through 52) and was assumed covered in
the section at the Naggaza road cut.

Its thickness is

somewhat variable from section to section, with the
maximum thickness of 22 meters thick at section M 7 .
This zone contains lithology similar to the upper part of
the Nonion boueanum Assemblage Zone, with clay beds
interbedded with mudstone and argillaceous limestone beds
rich in pelecypods (especially Peoten), ostracodes,
gastropods, and echinoids.

The algal beds that are

common in the Globigerinoides trilobus Subzone are not
common here.

Some detrital corallites were noticed on

top of this zone in sections B and M 7 .
This zone can be easily distinguished from the other
zones by the presence of Lentioulina sp. which is re
stricted to this part of the Al-Khums Formation.
species Borelis melo is common in this zone.
species which were found in this zone are:

The

Other
Elphidium

advenum3 Globulina gibba3 Quinquelooulina akneriana 3
Quinquelooulina lucida3 Quinquelooulina lamarokiana3
and Quinquelooulina laevigata.

The species Rotalia

becarii, Rotalia cf. R. audouini are abundant; Cibicides
boueanus and Elphidium macellum are common to abundant.
Other species that are found in this zone are
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generally present in the upper part of the Nonion boueanum
Assemblage Zone.
1.

Boreiis me to Zonule.

The Borelis melo Zonule

forms the top of the Lentioulina sp. Assemblage Zone.
It is characterized by the abundance of species Borelis
melo.

It is only a few meters thick.
The Chalky Beds, and the Honeycomb Beds were found

to be nonfossiliferous except for rare, badly preserved
ostracodes and in some cases some gastropods.

Some

hardly recognizable algal structures were also noticed
in the Honeycomb Beds.

Because of the lack of well

preserved fossils the environment of deposition of these
beds was based on their lithology and association with
adjacent beds.
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F i g u r e 43

Key t o
in th e

l i t h o l o g i c and f o s s i l sy m b o ls u s e d
str a tig r a p h ic s e c tio n s.
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Figure 44.

Foraminiferal range chart for Section Nag.

Figure 44
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Figure 45.

Foraminiferal range chart for Section BHl.

Figure 45
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Figure 47.

Foraminiferal range chart for Section B.

Figure 47.

Figure 48.

Foraminiferal range chart for Section G

to
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Figure 49.

Foraminiferal range chart for Section M 7 .

Figure 49.
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EXPLANATION OF PLATE 6
All specimens except those in Figures 17 and 18 from
Lower Member, Al-Khums Formation.
Specimens in
Figures 17 and 18 from m e l o Bed, Al-Khums Formation.

Fig. 1,2

Elphidium cf.
E. glahratum

X30

Sample No. M7-11

Fig. 3,4

Elphidium crispum

X40

Sample No. BHl-18

Fig. 5,6

Elphidium
antoninum

X40

Sample No. BH1-16

Fig. 7,8

Elphidium rogosum

X40

Sample No. BHl-22

Fig. 9,10

Elphidium
flexousum

X40

Sample No. BHl-18

Fig. 11,12

Elphidium
articulatum

X40

Sample No. M7-18

Fig. 13,14

Elphidium macellum

X45

Sample No. Nag. 23

Fig.15,16

Elphidium
cryptostomum

X35

Sample No. Nag. 16

Fig. 17,18

Elphidium advenum

X40

Sample No. M7-8

Fig. 19

Elphidium ungeri

X40

Sample No. Nag. 25
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EXPLANATION OF PLATE 7

All specimens from Lower Member, Al-Khums Formation.
Fig. 1,2

Nonion boueanum

X55

Sample No. BH1- 17

Fig. 3,4

Nonion
microumbilieatum

X40

Sample No. G 13

Fig. 5,6

Nonion elongatwn

X40

Sample No. G 13

Fig. 7,18

Amphistegina
lessonii

X40

Sample N o . Nag. 23

Fig. 8,9

Cibicides boueanus

X40

Sample No. Nag. 23d

Fig. 10,11

Cibicides aknerianusX40

Sample No. Nag. 23d

Fig. 12,15

Robulus sp.

X40

Sample No. BHl- 15

Fig. 13,14

Cibicides
pvaecinctus

X40

Sample No. Nag. 25

Fig. 16,17

Eponides boueanum

X40

Sample No. 23d
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EXPLANATION OF PLATE 8
All specimens from Lower Member, Al Khums Formation

Fig. 1/2

Bovelis melo

X40

Sample No. M7-11

Fig. 3

Bovelis pygmaea

X30

Sample No. Nag. 4

Fig. 4

Guttulina pvoblema

X40

Sample No. G 13

Fig. 5

Lagena globosa

X40

Sample No. Nag. 23d

Fig. 6

Globulina gibba

X 40 Sample No. B 11

Fig. 7

Globulina inaequalis

X40

Sample No. B 11

Fig. 8,9

Disoovbis obtusus

X40

Sample No. BH1- 3

Fig. 10

Hetevostegina
hetevo stegina

X5

Sample No. Nag. 25

Fig. 11,12

Globigevinoides
tvilobus

X60

Sample No. BHl- 18

Fig. 13

Ovbulina univevsa

X40

Sample No. M7-11

Fig. 14,15

Rotalia cf.
R. audouini

X40

Sample No. BH1- 16

Fig. 16,17

Lentioulina sp.

X40

Sample No. B 12

Fig. 18,19

Rotalia beocavii

X40

Sample No. BH1- 18

Fig. 20,21

Astevigevina
planovbis

X40

Sample No. Nag. 7
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EXPLANATION OF PLATE 9
All specimens from Lower Member, Al-Khums Formation.

Fig. 1,2

Quinquelooulina
akneriana

X40

Sample No. Nag. 7

Fig. 3,4

Quinquelooulina
laevigata

X40

Sample No. BH1-16

Fig. 5,6

Quinquelooulina
lamarokiana

X25

Sample No. Nag. 7

Fig. 7

Quinquelooulina
luoida

X40

Sample No. P3

Fig. 8,9

Tvilooulina
tvigonula

X40

Sample No. Nag. 4

Fig. 10

Textularia
lateralis

X30

Sample No. Nag. 23d

Fig. 11

Textularia sagitula X20

Sample No. Nag. 23d

Fig. 12

Textularia acuta

X40

Sample No. BHl1-10

Fig. 13,14

Textularia oalva

X40

Sample No. Nag. 23d
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IV.
A.

STRUCTURE

REGIONAL STRUCTURE
The origin and geologic history of the Jabal Nefusa

escarpment and the Jefara Plain and their relation to each
other have been debated by geologists for years.

It

seems, however, that in recent years workers have agreed
on the concept that was first introduced by Lipparini
(1940).
Lipparini suggested that the Jabal Nefusa escarpment
and the Jefara Plain were a result of a fault block com
bined with an erosional retreat of the resulting escarp
ment.

It was thought that the area emerged in the early

Tertiary and was then transected by an east-west fault
which created a structure with the north side downthrown
to form the northern part of the Jefara Plain.

This fault

(Azizia Fault) runs north of Al-Azizia, and dated as preMiocene (See Figure 53).

The downthrown block was sub

merged during Miocene time which led to the deposition of
the marine Miocene deposits on it, the fault line forming
the coast line.

The southern part of the Jefara Plain

(south of fault line) was formed by continental erosional
factors.

The presence of some Triassic outliers in the

area between Al-Azizia and the present-day escarpment is
considered as remnants of this erosion.

During the late

Miocene, the Jefara Plain was uplifted above sea level
forming essentially the present shore line.

Minor
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subsidence along the coast during the Pleistocene gave
rise to the marine deposits that are dated as Tyrrhenian
(see Lipparini, 1935, and Hey, 1962).
The major structure in the Jabal Nefusa is a broad
anticline which involves most of the Jabal escarpment and
whose axis passes approximately through Garian.
have a gentle dip of only a few degrees.

The limbs

This anticline

was identified by some earlier workers and can be recog
nized by comparing the elevations of various units of
the eastern part of the escarpment with the western part.
While we find the base of the Ain Tobi Formation at about
650 meters above sea level east of Yefrin, it drops to
about 500 meters above sea level just 50 km to the south
west.

On the other hand it drops below 300 meters above

sea level west of Tarhunah towards the east.

It was ob

served at 100 meters above sea level just west of Al-Khums
(See Plate 3).
A major fault system with a northwest-southwest trend
parallel to the anticline is also worth noting.

This

fault system trends in the same direction as the Hon Graben
fault system southeast of the dissertation area (See
Bourollet, 1967 and Klitzsch, 1968, 1971).

Associated with

the Jabal Nefusa fold and fault trends lies an extensive
mass of Tertiary igneous extrusives and intrusives.
Faults other than the Azizia fault are also present
in the Jabal Nefusa-Jefara Plain area.

One of these

faults, parallel to the Azizia fault, was reported by the
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Ministry of Agriculture report on the area (G.E.F.L.I.,
1972) .

The fault is named the Coastal Fault by the

Industrial Research Centre geologists.

Both of these

faults are normal faults with the north side downthrown.
Some local folds and faults are also fairly common
in the Jabal Nefusa area, mainly in the area between
Garian and Tarhunah which is dominated by the igneous ex
posures.

According to Desio (1971), most of wadis that

flow toward the Jefara Plain are controlled by faults.
The report of the Industrial Research Centre on the
Tarabulus Sheet reported some NE-SW faults which run almost
perpendicular to major NW-SE pattern that was discussed
above.
Two major -joint systems were predominant in the area.
One of these systems trends about N30° to 45°W and another
at right angle to this.

Other joints, trending in other

directions were sometimes observed, but not as common as
these two.

These joints follow the same general directions

as the major faults in the area.
B.

STRUCTURE IN THE DISSERTATION AREA
Not as many structural features can be observed in the

dissertation area as in the area just to the west and
southwest.

The major physiographic and structural element,

the Jabal Nefusa, has less relief and elevation in the
dissertation area and hence the escarpment is not as well
delineated as it is farther inland where erosion has
sharply set off the Jefara Plain from the escarpment.
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1.

Faults.

The Azizia and the coastal faults that

almost bisect the whole Jefara Plain do not extend into
the dissertation area.

The other fault patterns, mentioned

above and those which control the pattern of the wadis
trend from the escarpment toward the Jefara Plain are also
absent in this area.
A series of northeast-southwest step faults was re
ported by Desio (1971, p. 22), at the Wadi Caam area.
He related these faults to those of Hon Graben southeast of
the dissertation area and dated them as post Miocene.

The

report on the Wadi Caam dam project sponsored by the Minis
try of Agriculture (1971) confirmed those faults and
added to them two other faults that are oriented northsouth and east-west (See Figure 54).

These faults could

only be detected by subsurface techniques since the area in
which they existed is covered by thick Quaternary deposits.
From the data that were available to him, this writer
agrees on the presence of these faults but has some
reservations about the age of these faults, since some of
the boreholes in Wadi Caam area, located in the downthrown
part of the fault, showed a thick sequence of sandstones
(e.g., Ministry of Agriculture Report, 1971, Borehole BH2).
This thick bed of sandstone has not been recorded in the
other boreholes which were on the upthrown side of the
fault or not affected by the fault.

On this basis the

writer does not rule out the possibility of an earlier

Ill
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date for these faults as they could be at least penecontemporaneous with the deposition of lower beds of the
Al-Khums Formation, with the sands being deposited in the
downthrown areas, and by the time the tectonic activities
ceased both parts of the fault block were already leveled,
and the rest of the Al-Khums section was deposited simi
larly on both sides of the fault.
2.

Folds.

As for the folds it is found that the

Cretaceous deposits in the dissertation area tend to slope
gently (with a two to three degree dip) towards the south
east and northeast quadrants.

The rocks north and northeast

of Al-Gusbat dip toward the northeast with some local anti
clines and synclines generally striking toward the north
east.
The uplift, mentioned above, which took place during
late Miocene, and raised the Jefara Plain above sea level,
produced a broad anticline in the area of dissertation.
This anticline can best be recognized by noticing the
lower elevation of the different Miocene beds east of
Al-Khums as compared with sections to the west.

While the

melo Bed is 145 meters above sea level at Section U, it
is only 130 meters at Section M7 and 100 meters at Section
G.

On the other hand the Honeycomb Bed at Section M7 is

at 155 meters elevation while at Section C in the east it
is only 100 meters above sea level.

This gentle anticline

is barely recognizable west of the axial area which trends
through the areas of Sections U and 0, since the Miocene
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deposits are mostly removed by erosion along the escarpment
west of these two sections.

The Cretaceous beds in this

area show NW dips which indicate the existence of this
limit of the anticline.

This anticline was recognized by

Desio (1971, p. 22) as well as by Goudarzi (1970) .
3.

Joints.

Joints are fairly common in the Cretaceous

rocks throughout the area of dissertation.

The predominant

direction for these joints is usually northwest-southeast.
Another set occurs almost at right angles to this set and
is less common.
not common.

Some E-W joints were also noticeable but

It is evident that these joints follow the

general patterns as the faults in the area (See Industrial
Research Centre explanatory booklet on Al-Khums Sheet,
1975).
4.

Lineaments.

The use of the aerial photographs and

mosaics in this study helped to recognize a set of linea
ments in the northwest part of the dissertation area.
These lineaments were noticed north of the town of AlGusbat, just west of Wadi Ghanimah.
long, striking N 45° W.

They are about 1-1.3 km

These lineaments were checked in

the field to see whether they represent any fault pattern
but no displacement was noticed.

It is probably just a

fracture pattern that stands out on the aerial photographs.
These lineaments follow the same direction as the major
faults in the Jabal Nefusa area.
5.

Sedimentary Structures.

Some of the Upper Cre

taceous beds as well as some of Al-Khums beds were
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distinguished in the field by their outstanding cross
bedding (See Figures 8, 10).
Two oolitic beds that form the base of the Ain Tobi
Formation are found cross-bedded in a few places.

These

cross-beds are medium-bedded and usually form a fairly low
angle of cross-bedding (Figure 8).

Another Ain Tobi bed

that was noticed with cross-bedding occurs higher in the
section and is far thicker, more widely distributed geo
graphically and the angle of the cross-bedding is greater
than the other two beds below.

This bed is best exposed

at the village of Andarah (Figure 10), just a few kilometers
west of Al-Gusbat, but it was observed in few places toward
northeast-southeast of Al-Gusbat as well.
Within the Al-Khums Formation the lower part of the
melo Bed is sometimes cross-bedded.

In contrast to the

Ain Tobi beds, this bed, where cross-bedded, is usually
also found to be conglomeratic.

A good exposure of this

bed is found at the top of Section G.

115

V.

MIOCENE GEOLOGIC HISTORY

Almost nothing has been said so far on the geologic
history of the Miocene deposits of the dissertation area.
Even the scattered comments that appear in the literature
are related to general studies rather than to the details
of this area.

Desio (1971, p. 23) in his discussion on

the geomorphological evolution of Libya mentioned the early
Miocene transgression and the uplift of the area in the
late Miocene which resulted in the emergence of this area
from the sea.

The Libyan Industrial Research Centre re

port on the area (Al-Khums Sheet, p. 34-42 of the explana
tory booklet) mentioned various fossils as being indicative
of shallow neritic environment but no details on the events
that took place during the deposition were given.
A.

PALEOGEOGRAPHY
Based on the field observations and the structure con

tour map that was constructed for the base of the Miocene
(Figures 54, 55), it is not difficult to reconstruct the
Miocene shoreline area showing its development with time.
It was found that the abrupt facies changes in the area
were mainly controlled by the pre-Miocene topography.

In

the area east of the town of Al-Khums the record is more
complete and clearer than it is to the west of Al-Khums.
In this western area, part of the pre-Miocene topography
was rather different from one place to another.

Two

S t r u c t u r e c o n t o u r map o f t h e t o p o f C r e t a c e o u s r o c k s .
N orth w estern
part of d is s e r ta tio n area.
The e x t e n t o f r e e f s i s a l s o s h o w n .
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major positive areas existed where the Miocene-Cretaceous
contact is at a high elevation in relative to the
surrounding areas.
Figure 55.

These areas are marked A and B on

The remainder of the surface slopes very

evenly towards the north.

However, locally, the Cretaceous

rocks were eroded in such a way that a very uneven topo
graphy resulted and the Miocene-Cretaceous contact some
times changes a few tens of meters in relief in a distance
of less than one kilometer.

A good example of that is the

steep slope of the Cretaceous surface north of the area
A, and also southwest of the high area B (Figure 55).

Just

east of Section 0, where the Miocene-Cretaceous contact is
at the top of the hill, the Miocene beds were found ex
posed at the bottom of the wadi, 25 to 30 meters lower
than the contact of Section 0.
This indicates extensive erosion prior to the depo
sition of the Miocene deposits in the dissertation area.
Terrestrial erosion continued until the beginning of the
transgression which resulted in the deposition of the
sediments of the Al-Khums Formation.

The well-rounded

Cretaceous pebbles and cobbles which form the base of the
Al-Khums Formation in several places are an indication of
the relief and transportive power available when the sea
transgressed into the area again.
In the area east of the town of Al-Khums

(Wadi Caam

and vicinity), on the other hand, Miocene deposition was
controlled not only by the pre-Miocene topography but also
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by a fault system which trends mainly in three directions:
a major one parallel to the coast line (trending NW-SE)
and two others trending generally north-south and eastwest (See Figure 54).

Desio (1971) referred to these

faults as being younger than Miocene in age, but the writer
did not notice any major displacement in the Miocene units
related to these faults.

It is probably that the faulting

took place before the deposition of the Al-Khums Formation
or was synchronous with the deposition of the Al-Khums
sediments.
Considering the whole area, it is evident that the
elevation of the Miocene-Cretaceous contact is also par
tially controlled by the Jabal Nefusa escarpment west of
the town of Al-Khums.

From figures 42 and 55 it can be

seen that the Miocene-Cretaceous contact is about 150 meters
above sea level near Section O, lowering both to the east
and west, but at a steeper rate toward the west, where it
reaches the east rim of the Jefara Plain just west of the
Naggaza road cut section.

West of the Naggaza section the

contact continues below sea level, while in the east it
descends slowly but regularly.
It must also be recognized that part of the variation
in the elevation of the contact is due to a post-Al-Khums
uplift that crested the wide gentle fold, which resulted in
the continuous lowering of the Mannubia Member eastward
from the area of Section 0; the main part of the relief
is obviously due to a pre-Miocene uplift (See Figure 58).
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B.

ENVIRONMENTS OF DEPOSITION
The abundance of shallow water benthonic foraminifera

as well as other shallow water forms such as beds of thickshelled oysters, corals, and coralline algae indicates that
the Al-Khums Formation was deposited in a shallow, warm
water environment.

This is supported by the presence of

detrital limestones and argillaceous limestones, interbedded with slightly gypsiferous clay beds.
limestone conglomerate beds

Zones of

with some reworked fossil

fragments are also good indication of some oscillations of
the sea during the deposition of the Al-Khums Formation.
All the factors mentioned above were considered below in
order to understand the depositional environments of the
Al-Khums Formation.
1.

Lower Member.

The Lower Member is rich in fossils.

The abundance of foraminifera as well as other fossils dis
tinguish this member from the overlying Mannubia Member.
The reefoid beds are characterized by the abundance of the
coralline algae (which occur especially in the upper
part), coral heads, pelecypods, bryozoans, echinoids and
ostracodes.

The Elphidium crispum Assemblage Zone occurs

in the lower part of the Reefoid Beds, while the lower
part

of the Nonion boueanum Assemblage Zone (Globigeri

noides trilobus Subzone)

is found in the upper part of the

Reefoid Beds.
Macfadyen (1931) reported the species Elphidium
crispum from the Miocene of Egypt as occuring in a shallow
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sea of less than 50 fathoms.

Bandy (1954) mentioned that

Elphidium crispum is common from the beach to depth of
37 meters; he also indicated that this species is found
in the Gulf of Mexico in the intertidal and sublittoral
zones.

Bandy reported that the species Quinquelooulina

lamarckiana forms six to ten percent of the organisms in
water 35 to 110 feet deep and Streblus beccarii forms
more than 40 percent of the fauna in depths of 30 to 55
feet deep.

Said (1949) reported Elphidium crispum from

the Red Sea as being available from 17 to 59 meters deep.
Said also reported the species Borelis pygmaea from the
Red Sea was common at depths of 17 to 24 meters.

Souaya

(1963) suggested a shallow, warm, marine environment based
on Amphistegina lessonii and Borelis melo.
Phleger (1951) indicated that the Quinquelooulina
lamarckiana was present in depths as shallow as two to
eleven meters, while Rotalia beccarii occurs from two
to nine meters.

In 1960 Phleger also reported that the

optimum growth temperature for Strebulus beccarii is 25
to 30 C ° , noting that this species can tolerate various
temperatures since it lives in a lagoonal-shallow marine
environment where the temperature range is considerable.
Phleger also discussed the other factors including
chemical effects in which he mentioned that pH under 7
affect the growth of the calcareous tests.

He also noted

that salinity between 20%o and 40%. is considered normal for
the growth of the Strebulus beccarii species.

Walton (1955)

121

reported that species of the family Miliolidae are common
in depths less than 25 fathoms, while Rotalia sp. was
found common in water less than 25 to 30 fathoms, and
Elphidium crispum was frequently found in less than 30
fathoms of water.

Walton also gave the temperature of

57°F - 67.8°F and salinity 34%.to 37%o as ranges for the
survival of these organisms.

Lowman (1949) reporting on

some foraminifera from the U.S. Gulf Coast, mentioned that
Rotalia and Elphidium are dominant in water with a salinity
of 5,000-15,000 ppm, with a sandy mud bottom with oyster
banks.

He also indicated that in a near shore and strongly

brackish environment, Rotalia3 Elphidium 3 and miliolids
are common.

In mid-neritic environments Lowman found a

great abundance of Cibicides.
Chapman (1926) indicated that the Amphistegina lessonii
is a warm water, temperate to tropical form, abundant
chiefly in depths less than 30 fathoms deep and well known
component of coral-reef fauna.

Said (1949) suggested that

Quinqueloculian laevigata is found at depths from 17 to
30 meters.

Stainforth (1949) considered Heterostegina

sp. and species of the family Alveolinellidae as being
indicators of reefal and littoral facies.

Souaya (1963)

found that Elphidium antoninum accompanied by Elphidium
rogosum3 Elphidium flexuosum3 Neoalveolina melo3 and
Amphistegina lessonii were of shallow, warm water marine
origin, with abundant Rotalia beccarii and R. audouini.
Leroy (1941) reported Elphidium advenum as being a shallow
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Figure 56. Photomicrograph of coralline
algae Archeolithothamnium sp. Reefoid Beds,
Section Nag.

Figure 57. Photomicrograph of coralline
algae Mesophyllum? , Reefoid Beds, Section
Nag.
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water species from less than 30 meters deep, accompanied
by Nonion boueanum, Textularia, Quinquelooulina, and
Disoorbis spp.

The abundance of Rotalia beooarii along

with various species of EIphidium is used by most of the
workers as an indication of brackish to whallow open marine
conditions as they can tolerate a wide range of salinity
but are probably more adaptable to a shallow marine en
vironment.
The species Globigerinoides trilobus and Cibicides
praeoinotus are found in deeper water than the species of
Rotalia, Elphidium, and Quinquelooulina.

As a result, the

presence of Globigerinoides trilobus and Cibicides praecinotus in the Globigerinoides trilobus Subzone indicates
deeper water conditions than do forms from the lower part
of the Reefoid Beds

(Elphidium crispum Zone).

The presence

of the thick-shelled oyster and pelecypod beds, echinoids,
thick encrusted coralline algae (Figures 56 and 57), es
pecially Archeolithothamnium, and abundant Rotalia beccarii
in all parts of the reef beds, however, indicates that the
variation in depth is not very great; however, it shows
a trend toward deep waters.

The species Textularia sagitula,

T. calva, and T. lateralis are restricted to the Globi
gerinoides trilobus Subzone, in which the algae are most
abundant.

The restriction of Textularia is probably re

lated to some ecological factors.

The presence of some

specimens of Globigerinoides indicates that the deposits
developed under open sea rather than under lagoonal
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environments.
From all previous observations on the distributions
of the variotis microfossils and supported by the presence
of detrital, algal, sandy sediments, it seems that the
Reefoid Beds were deposited in near shore, shallow seas
of about 30 meters and less deep.

The abundance of

Rotalia beccarii and the various species of Elphidium
ouggests the possibility of lower salinity than normal.
This is supported to some extent by the abundance of sand
and conglomerate at the base of the Al-Khums Formation
which suggests a heavy runoff from the land with consequent
dilution of the sea water in the transitional environment.
As discussed earlier in Chapter IV, the species of Quinqueloculina appear only in the lower part of the Reefoid
Beds (in the Elphidium crispum Assemblage Zone).

Accom

panied by the abundant Borelis melo, Borelis pygmeaus,
thick-shelled oyster and pelecypod beds, this part of the
Reefoid Beds appears to have been even shallower than the
upper (Globigerinoides trilobus Subzone) part.
The Clay and Detrital Limestone Beds are lithologically
quite similar to the Reefoid Beds except that more gypsi
ferous clay beds are present and less coralline algae and
corals.

In the lower part of the clay beds, the species

that were distinguishable in the Globigerinoides trilobus
Subzone were absent here, namely, the various species of
Textularia, Cibicides praecinctus, and Globigerinoides
trilobus.

On the other hand the various species of
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Quinqueloculina which disappeared in the Globigerinoides
trilobus Subzone reappeared again which probably indicates
a slight shoaling of the sea during that time to produce a
depositional setting similar to the lower part of the
Reefoid Beds, i.e. the Elphidium crispum Assemblage Zone
(Figure 59) .
No noticeable change was found in the upper part of
the clay beds except for the presence of a conglomeratic
bed of rounded pebbles and in some cases broken corallites
at the base of the melo Bed.

This bed is usually accom

panied by a thick-shelled oyster bed.

This conglomerate

bed indicates an oscillatory episode in the upper part of
the clay beds.

This latest stage is followed by a major

transgressional facies which deposited the melo Bed, the
Chalky Limestone Beds, and the Honeycomb Beds.

The

gypsum crystals in the clay beds apparently were formed in
a shallow near shore, arid environment where the evaporation
was high, but no obvious physical barriers isolated these
deposits from the open sea.
In the Miocene beds of Ar-Rajmah Formation of Benghazi
area (eastern Libya), a few feet of gypsum was reported
by the Industrial Research Centre report on the Benghazi
Sheet.

On the other hand, massive beds of gypsum and an

hydrite were also reported from the Miocene of Egypt by
various writers.

In most cases, these beds are related to

lagoonal environments and are barren of fossils.
Based on all these observations, it seems fairly safe

SW-NE C r o s s - s e c t i o n t h r o u g h S e c t i o n R and N ag. s h o w in g t h e
t h i c k n e s s and p r o f i l e o f r e e f .
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to summarize that the clay beds represent regression of
the Miocene Sea which probably reached its shallowest
depth at the top of the clay beds where the conglomerate
is common.

The richness of these beds in miliolids and

other shallow water foraminifera supports that idea.

At

this time the sea was probably only a few meters deep,
with high energy resulting in the breaking and redeposition
of shell debris.

The presence of few thin sand beds inter-

bedded with the Clay and Limestone Beds indicates some
minor fluctuations in the sea level (See Figure 59).
b.

Sequence of Events During Reef Formation.

The

transgression of the Al-Khums Formation is readily demon
strable in the lower part of the formation, in which a
conglomerate bed of flattened cobbles and pebbles and
sands is overlain by a loose sand which in turn is overlain
by argillaceous, sandy, detrital limestone.

Upwards in

the section the detrital limestone beds are interbedded with
gypsiferous, green clay beds.
These conglomeratic beds and sands form the beach line
of the Miocene transgression.

Sieve analyses were made of

some of these sands from Sections R, S, X, and the Naggaza
road cut, to determine under what conditions these sands
were deposited.

Skewness and mean diameters were compared

with values obtained by Friedman (1961, Fig. 1, p. 517)
for a number of beach and dune sands.

The analyses (with

skewness values ranging from -0.123 to -0.50) compared
with the values that Friedman obtained for various beach
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sands.

The detrital, sandy limestone above the sand bed

is very rich in fragments of corals, pelecypods, gastropods,
and coralline algae.
in these beds.

Flattened pebbles are also common

These fragmental limestones are considered

to have been deposited in a littoral environment.

They

formed the base for the massive algal and coral reef beds
that are best represented in the area of Sections R, S,
and Nag.

(Figures 13, 14, 15, and 18), where plentiful

coral "heads" were found in situ as well as redeposited.
The abundance of the in situ corals as well as the shallow
foraminifera discussed previously, indicates a very shallow
sea, probably only a few meters deep, warm temperature of
probably 23 - 37°C which is the ideal temperature for
coral growth, normal salinity of sea water, and turbidity
which is also needed for getting enough nutrition for
corals and also for reducing the amount of silt deposits
which is a limiting factor for the survival of the corals
(Milliman, 1973, p. 154).

Abundant corals, coralline algae,

and molluscs form the frame of what is suggested to be a
massive reef structure.

This reef structure could only be

delineated for a short distance which suggests that it is
local in nature.

It was observed that this reef bed is in

direct contact with the Gezzar Dolomite in Sections R, S,
and X and no lagoonal deposits were observed anywhere
associated with the reef indicating that the reef is of
fringing type (See Figure 55).

A cross-section and geo

graphical distribution of this reef are shown on figures
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55 and 58.

In the Naggaza road cut section a thicker se

quence of those reef beds were observed interbedded with
sandy detrital limestone with reworked oysters, echinoid,
pelecypods, and vertebrate remains.

The base of the

Naggaza section is found at lower elevation then the sec
tions at localities X, R, S, and T.

It is also located a

few hundred meters offshore relative to these other sections
That was probably the reason for the well developed reefs
in that section and this also caused the units to be
thicker than any of the other sections (Figure 58).

The

upper part of these beds in the Naggaza section are not
rich in corals, but rather are composed of 50 to 60 per
cent coralline algae and are rich in bryozoans.
It is suggested that the accumulation of clay beds
at the top of the Reefoid Beds indicates the means by which
the corals and algae were exterminated.

The other organisms

especially pelecypods, however, lived in the intervals
between clay incursions and were forced into more hospit
able sites during the time of clay deposition.

The se

quence of these reef deposition is summarized in Figures
59, 60.
2.

Mannubia Member.

The stratigraphic details of

the Mannubia Member were discussed in Chapter II.

Because

of the lack of fossils in most parts of this member, the
environment of deposition is based on the field observa
tions and lithological characteristics.

Elaboration is

given for each of the members in the sections as discussed
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previously.

This member is more widespread and stable

throughout the area than is the Lower Member which is
more variable in thickness and distribution.

The Mannubia

environment was probably fairly uniform throughout the
duration of deposition of the member.

These deposits

apparently were formed under quite shallow water depth.
a.

The melo Bed.

The melo Bed overlies the Clay and

Detrital Limestone beds and usually has conglomeratic
bed at the base, with fragments of various fossils, especi
ally corals, oysters, and other pelecypods.

The foramini

fera species, Bovelis melo, is abundant in this bed,
accompanied by various miliolid species, Rotalia beooavii
and Elphidium spp.
These species show that the melo Bed was deposited
under similar conditions as the Clay and Detrital Lime
stone Beds since they have the same faunal content.

The

exception is the conglomerate horizon for which a shallower
sea is proposed (Figure 59).
b.

Chalky Beds.

Except for some ostracodes and

gastropods, no fossils were found in these beds.

They are

mainly formed of crumbly, irregularly bedded, silty to
sandy, and sometimes pebbly micrite.

It is not clear why

the fossils are suddenly missing in these Chalky Beds
which one might expect to be fossiliferous.

It is possi

ble that some conditions were not variable for their
existence, such as the excess of non-calcareous mud.
there is a possibility that the fossils were destroyed

But
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after their deposition.

In any case, it seems that these

deposits formed under quite, open, warm, marine water of
shallow to moderate depth.

The fluctuation in the amount

of silt and sand probably is an indication of slight
change in depth, source rock, and/or energy that deposited
those beds.
Unlike chalk deposits of northwestern Europe, these
limestone beds are soft, contain no preserved fossils, and
have, in some places more clay and silt.

Their deposi-

tional environment was interpreted as being somewhat
quieter, shallower than the northwestern European chalks
because of the presence of excess clay, and fine sand
materials in this section.
c.

Honeycomb Beds.

In contrast to adjacent units,

the Honeycomb Linestone is a well indurated unit so that
fossils cannot be recovered as well as in adjacent units.
Fossils appear to be sparse.

Only gastropods and some

weathered algae were observed in the Honeycomb Beds.
Depositional conditions of these beds consequently cannot
be as readily interpreted on a paleontological basis, but
it appears that they follow the same pattern as the chalky
beds in having been deposited under open marine waters of
shallow to moderate depth.

These beds were leached some

time after their deposition which gave them their vuggy,
honeycombed appearance and may have destroyed some of
fossil evidence.
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VI.

ECONOMIC SIGNIFICANCE OF THE AREA

For the development of northwestern Libya, the avail
ability of water, raw materials for cement, and crushed
rock for road and building construction is especially im
portant.

This area contributes to these resources in

varying degrees.
No information is available on the total value of the
raw materials currently being produced.
A.

CEMENT AND LIME RESOURCES
The abundance of good quality limestones encouraged

the writer to spend a portion of this study to analyze
these rocks in order to have a general idea as to whether
they are promising for the cement and or lime industry.
More than 50 spot samples from the Mannubia Member
of the Al-Khums Formation and the Ain Tobi Formation
were analyzed by x-ray fluorescence in order to determine
the amounts of oxides of aluminum silicon, potassium,
and calcium present.
absorption.

Magnesia was determined by atomic

Six samples were sent to the St. Louis

Testing Laboratories Inc., St. Louis, Missouri, to be
analyzed completely by wet analysis to double check them
with values obtained here.
It was found that there is a good possibility that
the Mannubia Member beds will meet the commercial standards
needed for portland cement.

Some of the same beds are

now used at the Al-Khums Cement Plant, and since these
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beds are continuous throughout the area of study and ex
tend eastward toward Zliten, they were found accessibly
located at Wadi DaKar and vicinity east of the dissertation
area; the writer recommends strongly that these beds be
further considered for cement or lime use.
The writer has not analyzed the clay beds of the
lower member for acceptability in cement.

They are not

used in the present cement plant but they might be a good
source for alumina and silica for the cement admixture,
while the detrital beds that are interbed in the clays
are a possible source for additional CaCO^.

A few spot

samples from the Ain Tobi Formation were also analyzed
for the same purpose and were all found very high in
CaCO^ and very low in Mg and the alkalis, which makes them
a possible source rock for lime or cement industry.
Those Ain Tobi samples which were taken from the
cross-bedded limestone beds which are well exposed at the
village of Andarah (west of Al-Gusbat).

They extend a

few kilometers east where they become covered by younger
beds.

These beds are ledge-forming and usually are in

accessable areas.
Before these beds (both the Al-Khums Formation and
Ain Tobi Formation) were to be considered for use, a
detailed study should be carried out in order to determine
quality and reserves.

The results of the analyses that

were done are tabulated in Appendix C.
Other potentially economic important sediments or
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Figure 61. Outcrops of Gezzar Dolomite
along Wadi Ghanimah showing good bedding.
The Al-Khums Formation overlies these
dolomites. Alluvial gravel in foreground
is utilized in construction.
Location:
Section R, looking north-northwest.
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rocks in the area are as follows.
B.

SANDS
Sands are concentrated mainly in the coastal areas.

These sands are usually fairly accessible to trucks.

A

good accessible area is west of Wadi Caam and west of the
town of Zliten; another area that is currently used is in
the northwest part of the area along the coast.

These

sands are currently used as mortar sand for construction.
C.

CRUSHED STONE
Crushed stone is widely used in concrete aggregate

for construction purposes.

Dolomite from the Gezzar

Dolomite, Garian and Ain Tobi Formations are good sources
for this use.

Several localities along the Coastal High

way, in Wadi Caam, and in the vicinity of Al-Khums - AlGusbat road are suitable for such purposes.

The gravels

of the wadis are usually used more for this purpose
(Figure 61) in the area of dissertation mainly because
they are easier to remove and crush than bedrock, in
spite of the fact that these gravels are not as plentiful
as the exposed bedrock.
D.

BUILDING STONE
Some of the massive limestone beds of the Al-Khums

Formation could be used as ornamental stones for constr
uction or decoration.

These rocks were extensively used

by the Romans in Leptis.

The limestones of the melo Bed,

Reefoid Beds, and sometimes Honeycomb Beds are usually
good for these purposes.

There are no good exposures
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of the Gargaresh Formation in the area of dissertation
but the use of the Gargaresh sandstones should be con
sidered in the surrounding areas.
E.

WATER RESOURCES
Water resources of the area play an important role

in the development of northwestern Libya.
The area of Al-Khums and vicinity has the highest
precipitation in northwestern Libya, ranging from about
300 milimeters/year along the escarpment from Al-Khums to
Tarhunah to about 180 milimeters/year toward the eastsoutheast.

A large quantity of the rainfall flows to the

sea during the wet months; however, in the last few years
a number of dams were constructed with others still under
construction on the wadis that carry the surface water
runoff to the sea.

Part of the dammed water will be used

for irrigation, while the excess part will be injected to
the subsurface to reduce the waste by evaporation.

A

good example of this kind of project is the Wadi Caam
project in the east part of the study area.
Most of the formations in the area have water-bearing
horizons but they vary in their importance as major aqui
fers.

The Abu Shaybah Formation which contains thick

sandstone and conglomerate beds interbedded with clay beds
forms a good aquifer.
the Jefara Plain.

This aquifer is in use in most of

The Industrial Research Centre general

report on the Al-Khums Sheet indicates that the amount of
water which can be pumped from this formation in the area
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is about 35 cubic meters per hour.

This aquifer was

tested by the governmental authorities in Wadi Gerrim
(west edge of the area of dissertation) in their well
T.9 (study conducted by G.E.F.L.I.) and found to have a
chemically fair to good quality water.
Relatively deep wells (up to 700 m . ) have to be drilled
in most parts of the study area and Jefara Plain in order
to reach the Abu Shaybah aquifer.

Because of that the

individual farmers do not generally utilize this aquifer.
Instead they drill shallower wells to the Miocene AlKhums Formation, the Quaternary deposits, and the various
Cretaceous Formations for their water supply.
The clastic beds in the Miocene as well as in the
thick Quaternary blanket close to the coast are also a
source of ground water.
Jointing and fracturing in the various Cretaceous
Formations form a surface source wherever some marly or
clay beds form aquiclud.es.

In addition, their fracturing

helps the penetration of the rainfall waters to deeper
formations also.
units.

Few springs flow from the fractured

One of these is Ain-Caam in the eastern part of

the area.
Water cisterns are commonly used for personal supply
in the areas where running water is not available.
use goes back to Roman times, ruins of some of these
cisterns are still present.

Their
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F.

OIL RESOURCES
The Al-Khums area had not been leased by any of the

oil companies for oil exploration at least to the time
of this writing.

Areas both east and west of the disser

tation area were leased, but no promising results have
been reported so far.
The Al-Khums area shows no encouraging signs either,
since the Miocene deposits which are potential source beds
are mostly exposed on the surface, and the older deposits
of the Mesozoic have already been searched in the adjacent
areas with no positive signs.

No major structure or

stratigraphic changes or features in this area suggest
making this a target area for future exploration.
In his paper on the history of geological mining,
and oil exploration of Libya before the second World War,
Desio (1968) mentioned that some oil and gas shows were
noticed from some water wells in the Jefara Plain.

Desio

reported that during summer of 1938 some well cuttings
showed methane gas and traces of oil.

These hydrocarbon

indications were thought to be coming from the elastics
of the Middle Miocene capped by fossiliferous clays.
These findings were not as encouraging as they were first
thought.

Desio thought that the oil had migrated from

the older beds but the structure of the area was not
favorable for its accumulation in the Miocene of the
Jefara area.

Further investigations were made by the

Italian geologists in the Jefara area with no success of
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finding commercial amounts of oil or gas.
The Miocene deposits of Al-Khums area are even less
promising since only the Middle Miocene is preserved and
the Lower Miocene was never deposited.

The clastic de

posits in the Al-Khums Formation in the Al-Khums area are
only a few meters thick except near Wadi Caam where some
water wells were drilled and a few tens of meters were
identified.
the drillers.

However, no hydrocarbons were reported by
Not much as been published on the Paleo

zoic rocks of northwestern Libya.

Klitzsch (1968) briefly

mentioned that there is a thick sequence of marine Permian
deposits in the subsurface of northwestern Libya.

Baird

(1967) in his study on the Permo-Carboniferous rocks of
southern Tunisia reported a thick sequence of Permian
sediments and some Upper Carboniferous that extend from
southern Tunisia to the Jefara subsurface.

Whether these

deposits were explored in the adjacent areas or the dis
sertation area is not known by the writer. Information on
the pre-Cretaceous rocks will have to come from petroleum
exploration drilling which is likely to be done in adja
cent areas.
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VII.

SUMMARY AND CONCLUSIONS

This dissertation represents a geological study of
an area bordering the Mediterranean Sea and lying roughly
between Tripoli, Libya, and the west edge of the Gulf of
Sirte.

A major purpose of this study was to provide a

biostratigraphic zonation of the well-exposed Miocene
strata of the area which could serve as a reference for
this area and help establish the Miocene paleogeography
for North Africa.

In order to compile the necessary

information, twenty-eight exposures were measured, sampled
and studied in detail.

A geologic map was prepared as

well as a structure contour map.
Results of these studies may be summarized as
follows:
1.

The oldest formation, the Abu Shaybah Formation,

is probably of Triassic to Jurassic age and occurs only
in a small northwest portion of the dissertation area.
2.

The Cretaceous Gezzar Dolomite, Ain Tobi Formation

and Garian Limestone are predominantly carbonate units.
The Gezzar Dolomite and Ain Tobi Formation were previously
recognized as members but treated as formations because
of their mappability.
3.

The most geographically extensive unit in the

area is the Al-Khums Formation, further subdivided by
the writer into two members and five informal, lithostratigraphic units.

This is the only unit of definite
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Tertiary age in the area.

A disconformity of considerable

relief separates the Al-Khums from the underlying Creta
ceous rocks.
4.

A variety of nearshore marine units (Gargaresh

Fm.) and non-marine fluvial and eolian deposits which are
considered Quaternary in age, are recognized, described,
and mapped.
The foraminifera of the Al-Khums Formation were
studied in considerable detail.

The following summarizes

this study:
1.

Three assemblage zones were recognized in the

Al-Khums Formation:
boueanum
2.

j

the Elphidium crispum3 Nonion

and Lentioulina sp. Assemblage Zones.

A subzone was also established within the Nonion

boueanum Assemblage Zone, the Globigerinoides trilobus
Subzone.

It was erected because of the persistence of

this species in the area.
3.

The Elphidium crispum Zone is represented only

in the northwest part of the area, while the other zones
were found to extend throughout the area.

The Borelis

melo zonule is represented in eastern Libya and western
Egypt as well.
The structure of the area was also discussed in this
study.
1.

The results may be summarized as follows:
The Jefara Plain and Jabal Nefusa were formed as

a result of both tectonic activities and erosion.
2.

A major fault pattern trends northwest-southeast,
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accompanied by other minor faults in the Jabal Nefusa.
3.

Faults parallel to the coast line in the northern

Jefara Plain and also between Al-Khums and Zliten were
recognized.
4.

The Jabal Nefusa is dominated by a gentle anti

cline trending northwest-southeast.
5.

Local folds, joints, and lineaments that were

observed in the area of dissertation are related to the
major structures in the Jabal Nefusa.
6.

Two major patterns of joints in the Jabal Nefusa

trend northwest-southeast and northeast-southwest.
The pre-Miocene paleogeography and the Miocene
depositional history were studied in detail.

The results

of these studies are summarized as follows:
1.

The pre-Miocene topography was very irregular

because of the extensive erosion and uplift that took
place prior to Miocene deposition.
2.

The lower units of the Al-Khums Formation pinch

out against the erosional remnants of the Cretaceous.
3.

A Middle Miocene transgressive stage resulted in

immersion under shallow water and formation of reefs
along the coastal areas, concentrated mainly in the
northwestern part of the area and the Wadi Caam area.
4.

Shallow water deposition continued after the reef

formation with minor regression resulting in an increase
in clay deposits, conglomeratic beds, and reworked fossils.
5.

A transgressive stage followed the temporary
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regressive stage, depositing limestone beds which could
be correlated throughout the area of dissertation.
The most useful economic resources of the area are
cement raw materials and water.

Both the Cretaceous Ain

Tobi and the Miocene rocks are chemically feasible as a
cement source in this most populated part of Libya and
are also suitably located for manufacture and shipment
by sea.
Prospects for oil resources in the Mesozoic and
Cenozoic rocks do not appear encouraging.

Not enough

information is available on the Paleozoic rocks to warrant
an opinion as to their potential at this time.
Further paleontological studies on the Miocene of
the area, especially on the algae and macrofossils, will
add a great deal of knowledge on the area.

Biostratigra-

phic studies on the Miocene of the Sirte Basin and Jefara
Plain are suggested as important areas in which the
zonation of this area should be extended.

The study on

the Jefara Plain will also help clarify the problem of
the Miocene coast and if it was actually controlled by
the Azizia Fault or not.
Detailed economic studies on the cement and lime raw
materials are necessary in order to evaluate the economic
significance of the Miocene rocks.
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APPENDIX A
Stratigraphic Sections
The more complete and significant stratigraphic sections
that were measured in the dissertation area are included
in this appendix.

Plotted with the sections are the

kinds of fossil constituents and quartz determined in
petrographic sections of the samples.

For locations of

these stratigraphic sections, refer to text figure 1.
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Figure 62.

Stratigraphic section of Abu Shaybah
Formation.
Location:
Wadi Gerrim.
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Figure 63.

Stratigraphic section of Gezzar Dolomite.
Location:
Wadi Gerrim.

F ig u r e

64.

S tr a tig r a p h ic s e c tio n o f S c e r sc ia r a
L im e sto n e (D e s io e t a l . , 1 9 6 3 ) .
L o c a tio n :
W est o f A n d a ra h .

Figure 65.

Stratigraphic section of Ain Tobi Formation
Location:
Northeast of Al-Gusbat.
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Figure 66.

Stratigra p h i c section of Yefrin Member.
Location:
Wadi Bu-Qas.
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F ig u r e

67.

S tr a tig r a p h ic

Limestone.

s e c tio n

Location:

of

G a r ia n

Wadi Caam.
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Figure 68.

Stratigraphic Section B w i t h plot of
distributio n of quartz and fossil types.
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Figure 69.

Stratigra p h i c Section C w i t h plo t of
d i s t r i b u t i o n of quartz and fossil
types.
Location:
Wadi Dekar.

Figure 70.

Stratigraphic Section G w i t h plo t of
d i s t r ibut i o n of quartz and fossil types.
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Figure 71.

Stratigraphic Section H w i t h plot of
distribution of quartz and fossil types.
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Figure 72.

Stratigraphic Section M7 w i t h pl o t of d i s 
tribution of quartz and fossil types.
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Figure 73.

Stratigraphic Section Nag. w i t h plot of
quartz and fossil types.
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Figure 73

Continued
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Figure 74.

S t r a t i g r a p h i c Sect i o n O w i t h p l o t of
d i s t r i b u t i o n of quartz and fossil types.
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Figure 75.

S t r a t i g r a p h i c S e c t i o n P w i t h p l o t of
d i s t r i b u t i o n of quartz and fossil types.
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Figure 76.

S t r a t i g r a p h i c Section R w i t h p l o t of
d i s t r i b u t i o n of quar t z a n d fossil types.
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Figure 77.

Stratigraphic Section S with plot of
distribution of quartz and fossil types.
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Figure 78.

Stratigraphic Section T with plot of
distribution of quartz and fossil types.
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Figure 79.

S t r a ti g r a p h i c Section U w i t h p l o t of
d i s t r i b u t i o n of quartz and fossil types.
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Figure 80.

S t r a t i g r a p h i c S e c t i o n X w i t h p l o t of
d i s t r i b u t i o n of q u a r t z a n d f o s s i l types.
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Figure 81.

Stratigraphic Section Y with plot of
distribution of quartz and fossil types.
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Figure 82.

Stratigraphic Section Z wi t h plot of
distribution of quartz and fossil types.
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F igure

83.

S t r a t i g r a p h i c S e c t i o n BHl w i t h p l o t o f
d i s t r i b u t i o n o f q u a r t z and f o s s i l t y p e s
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F igure 84.

S t r a t i g r a p h i c S e c t i o n BH11 w i t h p l o t o f
d i s t r i b u t i o n o f q u a r t z and f o s s i l t y p e s
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APPENDIX B
Faunal Reference List
References that were used to study the foraminifera
species are listed chronologically below for each species.
Families are systematically arranged so that’related fam
ilies occur in a sequence.

Illustrations of the various

species that were studied are on Plates 6-9 in the text.
The citations listed contains illustrations of the type
material and/or material that is considered referable to
the type.
FAMILY ELPHIDIIDAE Galloway, 1933
GENUS ELPHIDIUM De Montfort, 1808
E l p h i d i u m c r i s p u m (Linnaeus)
(Linnaeus). Cushman, J.A., 1918,
U.S.G.S. Bull. 676, p. 68, Pi. XXVI, figs. 3, 4, 5.
P o l y s t o m e l l a c r i s p a (Linnaeus).
Cushman, J.A., 1921,
U.S.G.S. Prof. Paper 128, p. 71, PI. XI, fig. 19.
P o l y s t o m e l l a c r i s p a (Linnaeus).
Macfadyen, W. A.,
1930, Geological Survey of Egypt, Government press,
p. 106.
E l p h i d i u m c ri s p u m (Linnaeus).
Cushman, J. A., 1939,
U.S.G.S. Prof. Paper 191, p. 50, Pi. 13, figs. 17-21.
E l p h i d i u m c ri s p u m (Linnaeus).
Said, R., 1949, Cushman
Lab. for Foram. Research, Special Publ. No. 26, p. 23,
PI. 2, fig. 36.
E l p h i d i u m c r i s p u m (Linnaeus).
Marks, P. Jr., 1951,
Contributions from the Cushman Foundation for the
Foraminiferal Research, Vol. II, Pt. 2, p. 51.
Polystomella

crispa
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Elphidium crispum (Linnaeus). Souaya, F. J . , 1963,
Jour. Palo., Vol. 12, No. 1, p. 54, PI. 3, fig. 13.
Elphidium crispum (Linnaeus). Said, R., and Metwalli,
H., 1966, Jour. Geol. of U.A.R., Vol. 7, No. 1, p. 53,
PI. 2, fig. 6.
Elphidium crispum (Linnaeus). Souaya, F. J . , 1966,
Micropaleo., Vol. 12, No. 1, p. 54, PI. 3, fig. 13,
Elphidium advenum (Cushman)
Elphidium advenum Cushman, U.S. Nat. Mus. Bull. 104,
Pt. 7, p. 25, PI. 10, figs. 1, 2, 1930.
Elphidium advenum Cushman, Florida Geol. Survey Bull.
4, p. 40, PI. 7, figs. 7a, b, 1930.
Elphidium advenum (Cushman). Cushman, J. A., and
Ponton, G. M . , 1932, Florida State Geol. Surv. Bull. 9,
p. 70, Pt. 11, fig. la-b.
Elphidium advenum (Cushman) . Cushman, J. A., 1939,
U.S.G.S. Prof. Paper 191, p. 60, PI. 16, figs. 31-35.
Elpidium advenum (Cushman) . Leroy, L. W . , 1941, Colo.
School Mines Quart. Vol. 36, No. 1, p 115, PI. 1,
figs. 28-29.
Elphidium advenum (Cushman) . Leroy, L. W . , 1944, Colo.
School Mines Quart, Vol. 39, No. 3, p. 24, PI. 5,
figs. 49-50.
Elphidium advenum (Cushman). Said, R., 1949, Cushman
Lab. for Foram. Research, Publ. No. 26, p. 23, PI. 2,
fig. 33.
Elphidium advenum Cushman, Marks, P. Jr., 1951, Con
tributions from the Cushman Foundation for Foraminiferal
Research, Vol. II, Pt. 2, p. 51, PI. 6, figs. 9-10b.
Elphidium advenum (Cushman). Phleger, F. B., 1954,
A.A.P.G. Bull. 38, No. 4, p. 638, PI. 1, fig. 36.
Elphidium advena (Cushman). Souaya, F. J., 1966,
Micropaleo. Vol. 12, No. 1, p. 54, Pt. 3, fig. 9.
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Elphidium artioulatum (d'Orbigny)
Elphidium artioulatum (d'Orbigny). Cushman, J. A.,
1930, U.S. Nat. Mus. Bull. 104, Pt. 7, p. 26, PI. 10,
figs. 6-8.
Elphidium artioulatum (d'Orbigny). Cushman, J. A.,
1939, U.S.G.S. Prof. Paper 191, p. 53, PI. 14, figs.
17-19.
Elphidium artioulatum (d'Orbigny). Said, R . , 1949,
Cushman Foundation for Foram. Research Spec. Publ.
No. 6, p. 23, PI. 2, fig. 34.
Elphidium artioulatum (d'Orbigny). Bandy, O. L., 1953,
Jour. Vol. 27, No. 2, p. 165, PI. 22, fig. 7a-b.
Elphidium artioulatum (d'Orbigny). Redmond, C. D . ,
1953, Jour. Paleo. Vol. 27, No. 5, p. 718, PI. 74,
fig. 16a-b.
Elphidium ungeri

(Reuss)

Elphidium ungeri (Reuss). Cushman, J. A., 1939, U.S.
G.S. Prof. Paper 191, p. 44, PI. IT, fig. 20.
Elphidium ungeri (Reuss). Marks, P. Jr., 1951, Contr.
from Cushman Foram. Research Vol. II, Pt. 2, p. 54.
Elphidium maoellum (Fichtel and Moll)
Polystomella macella (Fichtel and Moll). Chapman, F.,
1926, New Zealand Geological Survey, Paleontological
Bull. No. 11, p. 89, PI. 1, figs. 15, 16, p. IVII,
fig. 13.
Elphidium maoellum (Fichtel and Moll). Cushman, J.A.,
1939, U.S.G.S. Prof. Paper 191, p. 46, PI. 14, figs.
1-3, and PI. 15, figs. 9-10.
Elphidium maoellum (Fichtel and Moll). Leroy, L.W.,
1944, Colo. School of Mines Quart., Vol. 39, No, 3,
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p. 83, Pi. 7, figs. 9, 10.
E l p h i d i u m m a o e l l u m (Fichtel and Moll).
Marks, P. Jr.,
1951, Contr. from the Cushman Foundation for Foram.
Research, Vol. II, Pt. 2, p. 53.
(Fichtel and Moll). Souaya, E.J.,
1963, Jour. Paleo., p. 443, PI. 55, fig. 9,
E l p h i d i u m m a o e l l u m (Fichtel and Moll).
Souaya, F.J.,
1966, Micropaleo. Vol. 12, No. 1, p. 54, PI. 3, fig.
12.
Elphidium maoellum

Elphidium flexousum

(d'Orbigny)

(d'Orbigny). Cushman, J. A., 1939,
U.S.G.S. Prof. Paper 191, p. 43, PI. 11, fig. 13.
E l p h i d i u m f l e x o u s u m (d'Orbigny).
Marks, P. Jr., 1951,
Contributions from the Cushman Foundation for Foraminiferal Research, Vol. II, Pt. 2, p. 52.
E l p h i d i u m f l e x u o s u m (d'Orbigny).
Souaya, F.J., 1963,
Jour. Paleo. Vol. 37, No. 2, p. 443, PI. 55, fig. 9.
E l p h i d i u m f l e x u o s u m (d'Orbigny).
Said, R . , and Metwalli, H., 1966, Jour. Geol. U.A.R., Vol. 7, No. 2,
Elphidium flexousum

PI. 2, fig. 8, p. 54.
Elphidium

antoninum

(d'Orbigny)

(d'Orbigny). Marks, P. Jr., 1951,
Contributions for the Cushman Foundation for Foraminiferal Research, Vol. II, Pt. 2, p. 51.
E l p h i d i u m a n t o n i n u m (d'Orbigny).
Souaya, F.J., 1963,
Jour. Paleo. Vol. 37, No. 2, p. 443, PI. 58, figs. 16a,
b.
E l p h i d i u m a n t o n i n u m (d'Orbigny).
Souaya, F.J., 1966,
Micropaleo. Vol. 12, No. 1, p. 54, Pi. 3, fig. 15.
Elphidium

antoninum
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Elphidium cryptostomum (Egger)
Elphidium cryptostomum (Egger). Cushman, J.A., 1939,
U.S.G.S. Prof. Paper No. 191, p. 45, PI. II, fig. 22.
Elphidium cryptostomum (Egger). Marks, P. Jr., 1951,
Contributions from the Cushman Foundation for Foraminiferal Research, Vol. II, Pt. 2, p. 51, PI. 6,
figs. 8a-b.
Elphidium rogosum (d'Orbigny)
Elphidium rogosum (d'Orbigny). Cushman, J.A., 1939,
U.S.G.S. Prof. Paper No. 191, p. 42, PI. 11, figs. 1011 .

Elphidium rogosum (d'Orbigny). Marks, P. Jr., 1951,
Contr. Cushman Foundation for Foram. Research, Vol.
II, Pt. 2, p. 54.
Elphidium rogosum (d'Orbigny). Souaya, F. J., 1963,
Jour. Paleo. Vol. 37, No. 2, p. 443.
FAMILY ROTALIIDAE Ehrenberg, 1839
GENUS ROTALIA Lamarck, 1804
Rotalia beccarii (Linnaeus)
Rotalia beccarii (Linnaeus). Cushman, J.A., 1918,
U.S.G.S. Bull. 276, p. 66, PI. XXIII, fig. 3, PI. XXIV,
figs. 1, 2, PI. XXV, fig. 1.
Rotalia beccarii (Linnaeus). Cushman, J.A., 1920,
U.S.G.S. Prof. Paper 128, p. 70, PI. XI, fig. 14-16.
Rotalia beccarii (Linnaeus). Chapman, F., 1926,
New Zealand Geol. Surv. Paleontol. Bull. No. 11, p. 85,
PI. XVII, fig. 4.
Rotalia beccarii (Linnaeus). Macfadyen, W.A., 1930,
Egypt Geol. Survey, p. 103.
Rotalia beccarii (Linnaeus). Redberg, H.D., 1934,
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Jour, of Paleo. Vol. 8, No. 4, pp. 469-476.
Rotalia beccarii (Linnaeus). Said, R., 1949, Cushman
Lab. for Foram. Research, Special Publ. No. 26, p. 37,
PI. 4, fig. 5.
Rotalia beccarii (Linnaeus). Souaya, F.J., 1963,
Jour. Paleo. Vol. 37, No. 2, p. 449, Pi. 57, fig. 1,
PI. 58, fig. 12.
Ammonia beccarii (Linnaeus). Poag, K. W . , 1966,
Micropaleo. Vol. 12, No. 4, p. 413, PI. 5, figs. 34-36.
Ammonia beccarii (Linnaeus). Said, R., and Metwalli,
H., 1966, Jour. Geol. U.A.R., Vol. 7, No. 1, p. 55,
Pi. 3, fig. 9.
Rotalia beccarii (Linnaeus). Souaya, F.J., 1966,
Micropaleo. Vol. 12, No. 1, p. 55.
Rotalia cf. R. audouini (d'Orbigny)
Rotalia audouini Orbigny, A. d, Prodrome de Paleontologic stratigraphique universelle des mollusques et
rayonnes. V. Masson, 1850, Vol. 2, p. 407, in Ellis,
B. F., and Messina, A. R., 1940, Catalogue of Foram.
Vol. 24.
Rotalia audouini (d'Orbigny). Souaya, T. J., 1963,
Jour. Paleo. Vol. 37, No. 2, p. 449, Pi. 58, figs. 11,
14, 15, 17-19.
FAMILY NUMMULITIDAE de Blainville, 1835
GENUS HETEROSTEGINA d'Orbigny, 1826
Heterostegina heterostegina (Silvestri)
Heterostegina heterostegina (Silvestri). Souaya, F.
J. , 1963, Jour. Paleo., Vol. 37, No. 2, p. 445, Pi.
53, figs. 4a, b.
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FAMILY DISCORBIDAE Ehrenberg, 1838
GENUS DISCROBIS Lamarck, 1804
Disorobis obtusus (d'Orbigny)
Disorobis obtusus (d'Orbigny). Marks, P. Jr., 1951,
Contr. Cushman Foundation for Foram. Research, Vol.
II, Pt. 2, p. 63.
Disorobis obtusus (d'Orbigny). Souaya, F. J., 1963,
Jour. Paleo., Vol. 37, No. 2, p. 447, PI. 58,
figs. 13a-c.
Disorobis obtusus (d'Orbigny). Souaya, F. J . , 1963,
Micropaleo., Vol. 12, No. 1, p. 43, PI. 1, fig.
19a-b.
FAMILY ASTERIGERINIDAE d'Orbigny, 1839
GENUS ASTERIGERINA d'Orbigny, 1839
Asterigerina planorbis (d'Orbigny)
Asterigerina planorbis Orbigny, A. d', 1846, Foraminiferes fossiles du basin tertaire de Vienne, iri Ellis,
B. F., and Messina, A. R., 1940, Catalogue of Foram.
Vol. 2.
Asterigerina planorbis (d'Orbigny). Marks, P. Jr.,
1951, Contr. Cushman Foundation for Foram. Research,
Vol. II, Pt. 2, p. 66, PI. 8, figs. la-c.
Asterigerina planorbis (d'Orbigny). Souaya, F, J.,
1966, Micropaleo. Vol. 12, No. 1, p. 54.
FAMILY GLOBIGERINIDAE Carpenter, Parker, and Jones, 1862
GENUS GLOBIGERINOIDES Cushman, 1927
Globigerinoides trilobus (Reuss)
Globigerina triloba Reuss, A. E., Neue Foraminiferen
aus den schichten des Osterreichischen Tertiarbeckens.
K. Akad. Niss. Wien, Math.-Nat. el., Denkschr., Wein,
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Osterreich, 1850, Bd. 1, p. 374, in Ellis, B. F.,
and Messina, A. R., 1940, Catalogue of Foram.,
Vol. II.
Globigerina trilobus (Reuss). Macfadyen, W.A., 1930,
Egypt Gol. Survey, Government Press, p. 95, PI. IV,
fig. 4a-b.
Globigerinoides trilobus (Reuss). Stainforth, R.M.,
1949, Jour. Paleo. Vol. 23, No. 4, p. 421.
GENUS ORBULINA d'Orbigny
Orbulina universa d'Orbigny
Orbulina universa (d'Orbigny).
Ramon de la Sagra, Histoire physique et naturelle de l'lle de Cuba. p. 2,
Vol. 8, PI. 1, fig. 1, iri Ellis, A. F., and Messina,
A. R., 1940, Catalogue of Foram, Vol. 19.
Orbulina universa (d'Orbigny).
Cushman, J. A., 1918,
U.S.G.S. Bull. 676, p. 12, PI. Ill, fig. 3.
Orbulina universa (d'Orbigny).
Chapman, F., 1926,
p. 74, PI. XIV, fig. 19.
FAMILY NONIONIDAE Schultze, 1854
GENUS NONION De Montfort, 1808
Nonion boueanum (d'Orbigny)
Nonioniana boueana Orbigny, A. d', Foraminiferes
fossils du bassin tertiaire de Vienne (Austriche),
p. 108, figs. 11, 12, 1846, in Ellis, B. F., and
Messina, A. R., 1940, Catalogue of Forams, Vol. 17.
Nonionina boueana (d'Orbigny). Chapman, F., 1926,
New Zealand Geol. Surv. Paleontological Bull. No. 11,
p. 84, PI. XVII, fig. 10.
Nonionina boueana (d'Orbigny). Cushman, J. A., 1918,
U.S.G.S. Bull. 676, p. 68, PI. XXV. fig. 3.
Nonionina boueana (d'Orbigny). Macfadyen, 1930,
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Egypt Geol. Survey, p. 104, PI. IV, fig. 16a, b.
Non i on b o u e a n u m (d'Orbigny).
Cushman, J. A., 1939,
U.S.G.S. Prof. Paper 191, p. 12, PI. 3, figs. 7-8.
Noni on b o u e a n u m (d'Orbigny).
Leroy, L. W., 1941,
Colo. School of Mines Quart. Vol. 36, No. 1, pp. 78,
115, PI. 1, figs. 13-16.
Non i o n b o u e a n u m (d'Orbigny).
Said, R., 1949, Cushman
Lab. for Foram Research, Special Publ. No. 26, p. 22,
PI. 2, fig. 26.
Non i o n b o u e a n u m (d'Orbigny).
Marks, P. Jr., 1951,
Contributions from the Cushman Foundation for Foram.
Research Vol. II, Pt. 2, p. 48, PI. 5, fig. 17a-b.
Noni on b o u e a n u m (d'Orbigny).
Said, R. and, Basiouni,
A., 1958, A.A.P.G. Vol. 42, No. 8, p. 1964.
Non i o n b o u e a n u m (d'Orbigny).
Souaya, F. J., 1963,
Jour. Paleo. Vol. 37, No. 2, p. 447.
Noni on b o u e a n u m (d'Orbigny).
Souaya, F. J., 1965,
Micropaleo. Vol. II, No. 3, p. 326, PI. 3, fig. 37.
Noni on b ou e a n a (d'Orbigny).
Said, R. and Metwalli, H.,
1966, Jour. Geol. U.A.R., Vol. 7, No. 1, p. 42, PI.
2, fig. 12.
Nonion mioroumblioatus

LeRoy, 1944

(LeRoy), 1944, Colo. School
Mines, Quart. Vol. 39, No. 3, p. 23, PI. 4 figs.
N o ni on m i c r o u m b i i i e a t u s

26-27.
Nonion elongatum

(d'Orbigny)

Orbigny, A. d', 1852, Prodrome de
Paleontologie stratigraphique universelle des animaux
molluques et rayonnes. Paris, France, V. Masson,
1852, Vol. 3, p. 155, in Ellis, B. F., and Messina,
A. R., 1940, Catalogue of Foram. Vol. 18.
No n i o n i n a

elongata
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Nonion elongatum (d'Orbigny). Cushman, J. A., 1939,
U.S.G.S. Prof. Paper No. 191, p. 11, PI. 3, figs.
4-6.
Nonion elongatum (d'Orbigny). Leroy, L.W., 1944,
Colo. School Mines Quart. Vol. 39, No. 3, p. 23, PI.
7, figs. 31-32.
Nonion elongatum (d'Orbigny). Said, R. and Metwalli,
H. , 1966, Jour. Geol. U.A.R., Vol. 7, No. 1, p. 43,
PI. 2, fig. 14.
FAMILY CIBICIDIDAE Cushman, 1927
GENUS CIBICIDES De Montfort, 1808
Cibicides aknerianus (d'Orbigny)
Cibicides akneriana (d'Orbigny). Leroy, L.W., 1944,
Colo. School Mines Quart. Vol. 39, No. 3, p. 92, PI.
6, figs. 4-6.
Cibicides aknerianus (d'Orbigny). Marks, P. Jr.,
1951, Contr. Cushman Foundation for Foram. Research
Vol. II, No. 2, p. 72.
Cibicides aknerianus (d'Orbigny). Souaya, F. J., 1963,
Jour. Paleo. Vol. 37, No. 2, p. 451, PI. 57, figs,
lla-c.
Cibicides aknerianus (d'Orbigny). Said, R. and
Metwalli, H . , 1966, Jour. Geol. U.A.R., Vol. VII, No.
1, p. 48, PI. 3, fig. 4a-c.
Cibicides praecinctus (Karrer)
Cibicides praecinctus (Karrer). Stainforth, R. M . ,
1949, Jour. Paleo. Vol. 23, No. 4, p. 422.
Cibicides praecinctus (Karrer) . Souaya, F. J., 1963,
Jour. Paleo. Vol. 37, No. 2, p. 457, PI. 57, figs.
7a-c.
Cibicides praecinctus (Karrer). Souaya, F. J., 1966,
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Micropaleo. Vol. 12, No. 1, p. 48.
Cibicides boueanus (d'Orbigny)
Cibicides boueanus (d'Orbigny). Marks, P. Jr., 1951,
Contr. Cushman Foundation for Foram. Research, Vol.
II, Pt. 2, p. 72, PI. 8, fig. 9a-b.
Cibicides boueanus (d'Orbigny). Souaya, F. J . , 1963,
Jour. Paleo., Vol. 37, No. 2, p. 451, PI. 57, fig. 14
a-b.
Cibicides boueanus (d'Orbigny). Souaya, F. J., 1966,
Micropaleo, Vol. 12, No. 1, p. 46, PI. 2, fig. la-b.
FAMILY EPONIDIDAE Hofker, 1951
GENUS EPONIDES De Montfort, 1808
Eponides boueanus (d'Orbigny)
Eponides boueanus (d'Orbigny). Souaya, F. J . , 1966,
Micropaleo, Vol. 12, No. 1, p. 44, PI. 1, fig. la-c.
FAMILY AMPHISTEGINIDAE Cushman, 1927
GENUS AMPHISTEGINA d'Orbigny, 1826
Amphistegina lessonii (d'Orbigny)
Amphistegina lessonii Orbigny, A. d', Ann. Sci. Nat.,
Paris, France, 1826, Ser. 1, tome 7, p. 304, in Ellis,
B. F., and Messina, A. R. , 1940, Catalogue of Foram.
Vol. 1.
Amphistegina lessonii (d'Orbigny). Cushman, J. A.,
1918, U.S.G.S. Bull. 676, p. 70, PI. XXVI, fig. 5,
PI. XXVII, fig. 3, PI. XXVIII, fig. 1.
Amphistegina lessonii (d'Orbigny). Cushman, J. A.,
1920, U.S.G.S. Prof. Paper 128, p. 72, PI. XI, figs.
24-26.
Amphistegina lessonii (d'Orbigny). Chapman, 1926

191

New Zealand Geological Survey, Paleontological
Bull. No. 11, p. 90, PI. 1, fig. 19.
Amphistegina lessonii (d'Orbigny). Macfadyen, W. A.,
1930, Egypt Geol. Surv. Government Press, p. 106.
Amphistegina lessonii (d'Orbigny). Cushman, J. A.,
and Ponton, G. M . , 1932, Florida State Geol. Surv.
Bull. 9, p. 95, PI. 14, fig. 5a-c.
Amphistegina lessonii (d'Orbigny). Marks, P. Jr.,
1951, Contr. Cushman Foundation for Foram. Research
Vol. II, Pt. 2, p. 67.
Amphistegina lessonii (d'Orbigny).
Souaya, F. J.,
1963, Jour. Paleo. Vol. 37, No. 2, p. 4, PI. 57,
fig. 8.
FAMILY POLYMORPHINIDAE d'Orbigny, 1839
GENUS GLOBULINA d'Orbigny
Globulina gibba (d'Orbigny)
Globulina gibba (d'Orbigny). Marks, P. Jr., 1951,
Contr. from the Cushman Foundation for Foram. Research
Vol. II, Pt. 2, p. 47.
Globulina gibba (d'Orbigny). Said, R . , and Metwalli,
H. , 1966, Jour. Geol. U.A.R., Vol. 7, No. 1, p. 35,
Pt. 1, fig. 24.
Globulina inaequalis

(Reuss)

Globulina inaequalis (Reuss).
1850, K. Akad. Wiss.
Wien, Math-Nat. Cl., Bd. 1, p. 377, PI. 48, fig. 9.
Globulina inaequalis (Reuss). Cushman, J. A., and
Ponton, G. M., 1932, Florida Geol. Surv. Bull. No. 9,
p. 66, PI. 10, figs. la-c.
Globulina inaequalis (Reuss).
Said, R. , and Metwalli,
H. , 1966, Jour. Geol. U.A.R., Vol. 7, No. 1, p. 36,
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PI. 1, fig. 25.
GENUS GUTTULINA d'Orbigny
G u t t u l i n a p r o b l e m a (d'Orbigny)
(d'Orbigny). LeRoy, L.W., 1944,
Colo. Sch. Mines Quart. Vol. 39, No. 3, p. 83, PI. 2,
figs. 21-23.
Souaya, F. J . , 1963,
G u t t u l i n a p r o b l e m a (d'Orbigny).
Jour. Paleo., Vol. 37, No. 2, p. 442, PI. 56, fig.
la-c.
Souaya, F. J., 1965,
G u t t u l i n a p r o b l e m a (d'Orbigny).
Micropaleo., Vol. 11, No. 3, p. 313.
Guttulina problema

FAMILY NODOSARIIDAE Ehrenberg, 1838
GENUS LAGENA Walker and Jacob
L a g e n a g l o b o s a (Montagu)
(Montagu). Macfadyen, 1930, Egypt
Geol. Surv., p. 65.
L a g e n a g l o b o s a (Montagu).
LeRoy, L. W., 1944, Colo.
School Mines Quart. Vol. 39, No. 3, p. 22, PI. 1,
fig. 10, PI. 8, fig. 64.
Lagena globosa

GENUS LENTICULINA Lamarck, 1804
Lentioulina

sp.

Probably a new species. Recorded by Eliagoubi as being
E l p h i d i u m cf. E. d eo ip ie ns. Eliagoubi, B.A., 1972, Un
published thesis, Univ. of Idaho, p. 79, PI. 2, fig. 1.
FAMILY MILIOLIDAE Ehrenberg, 1839
GENUS QUINQUELOCULINA d'Orbigny, 1826
Q u i n q u e l o o u l i n a l a e v i g a t a (d'Orbigny)
Quinquelooulina

laevigata

(d'Orbigny).

Hist. Nat. des
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lies Canaries par MM. P. Parker-Webb et Sabin Berthelof. Bethune, Paris, France, 1839, tome 2, Pt. 2,
Zool. p. 143, PI. 3, figs. 31-33 in Ellis, B. F.,
and Messina, A. R., 1940, Catalogue of Foram. Vol. 22.
Quinquelooulina laevigata (d'Orbigny). Said, R. , 1949,
Cushman Lab. for Foraminiferal Research, Special
Publ. No. 26, p. 10, PI. 1, fig. 27.
Quinquelooulina laevigata (d'Orbigny).
Souaya, F.J.,
1963, Jour. Paleo. Vol. 37, No. 2, p. 438, PI. 55,
fig. 4a-c.
Quinquelooulina laevigata (d'Orbigny).
Souaya, F.J.,
1965, Micropaleo. Vol. 11, No. 3, p. 307.
Quinquelooulina akneriana (d'Orbigny)
Quinquelooulina akneriana Orbigny, A. d', Foraminiferes
fossils du bassin tertiaire de Vienne (Austriche).
Gide et Comp., Paris, France, 1846, p. 290, PI. 18,
figs. 16-21 in Ellis, B. F., and Messina, A. R . ,
1940, Catalogue of Foram-Vol. 22.
Quinquelooulina akneriana (d'Orbigny).
LeRoy, L. W.,
1941, Colo. School Mines Quart. Vol. 36, No. 1, p. 71,
Pi. 5, figs. 9, 10, 15, 16.
Quinquelooulina akneriana d'Orbigny, 1826. LeRoy, L.
W. , 1944, Colo. School Mines Quart. Vol. 39, No. 3,
p. 16.
Quinquelooulina akneriana (d'Orbigny).
Said, R.,
1949, Cushman Laboratory for Foraminiferal Research,
Special Publ. No. 26, p. 9, PI. 1, fig. 18.
Quinquelooulina akneriana (d'Orbigny). Marks, P. Jr.,
1951, Contr. from the Cushman Found, for Foram. Re
search, Vol. II, Pt. 2, p. 38.
Quinquelooulina luoida (Karrer)
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Quinquelooulina luoida Karrer, F. K . , Akad. Wiss. Wien,
Math-Naturw. Cl., sitzber., Wien, Osterreich, 1868,
Bed. 58, Abt. 1, p. 147, PI. 2, fig. 7, in Ellis,
B. F. and Messina, A. R., 1940, Catalogue of Foram.
Vol. 22.
Quinquelooulina cf. Q. luoida (Karrer). Souaya, F.J.,
1963, Jour. Paleo. Vol. 37, No. 2, p. 438, PI. 58,
fig. 4a-c.
Quinquelooulina lamavckiana (d'Orbigny)
Quinquelooulina lamavckiana Orbigny, A. d', 1839,
Foraminiferes, in Ramon de la Sagra, Histoire physique
et Naturelle de 1' lie de Cuba. A Bertrand, Paris,
France, 1839, p. 189 (plates published separately).
in Ellis, B. F., and Messina, A. R., 1940, Cata
logue of Foram, Vol. 22.
Quinquelooulina cf. Q. lamavckiana (d'Orbigny).
Leroy, L. W . , 1941, Colo. School Mines Quart., Vol.
36, No. 1, p. 71, PI. 5, figs. 5, 6.
Quinquelooulina lamavckiana (d'Orbigny). Said, R.,
1949, Cushman Lab. for Foram. Research, Special
Publ. No. 26, PI. 1, figs. 28.
Quinquelooulina lamavckiana (d'Orbigny). Redmond,
C. C., 1953, Jour. Paleo. Vol. 27, No. 5, p. 715, PI.
74, figs. 3a-c.
Quinquelooulina lamavckiana (d'Orbigny). Bandy, 0.
L., 1954, U.S.G.S. Prof. Paper 254-F, p. 138, PI. 28,
fig. 3.
FAMILY MILIOLIDAE Ehrenberg, 1839
GENUS TRILOCULINA d'Orbigny, 1826
Tvilooulina tvigonula (Lamark)
Tvilooulina tvigonula (Lamark).

Cushman, J. A., and
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Ponton, G. M., 1932, Florida State Geol. Surv.
Bull. No. 9, p. 52, PI. 6, fig. 6a-c.
Tvilooulina tvigonula (Lamark).

Said, R. , 1949,

Cushman Lab for Foram. Research, Special Publ. 26,
p. 19, PI. 2, fig. 12.
Tvilooulina tvigonula (Lamark). Marks, P. Jr., 1951,
Contributions from the Cushman Foundation for Foraminiferal Research, Vol. II, Pt. 2, p. 41.
Tvilooulina tvigonula (Lamark).
Bandy, 0. L . , 1961,
Micropaleo. Vol. 7, No. 1, p. 9.
Tvilooulina tvigonula (Lamark).
Bandy, 0.L . , 1964,
U.S.G.S. Prof. Paper, 254-F, p. 139, PI. 28, fig. 5.
FAMILY ALVEOLINIDAE Ehrenberg, 1839
GENUS BORELIS De Montfort, 1808
Bovelis melo (Fichtel and Moll)
Bovelis melo (Fichtel and Moll).

Stainforth, R.M.,

1949, Jour. Paleo. Vol. 23, No. 4, p. 420.
Bovelis melo (Fichtel and Moll). Cole, S. W . , 1957,
U.S.G.S. Prof. Paper 260-V, p. 766, Pi. 240, fig. 2.
Neoalveolina melo (Fichtel and Moll).
Souaya, F. J.,
1963, Jour. Paleo. Vol. 37, No. 2, p. 445, PI. 58,
fig. 20.
Bovelis melo (Fichtel and Moll).

Said, R. and Metwalli,

H. , 1966, Jour. Geol. U.A.R., Vol. 7, No. 1, p. 32,
Pi. 5, fig. 1.
Bovelis pygmaea Hanzawa
Bovelis (FasoiolitesJ pygmaea Hanzawa, S., 1930,
Tohoku Imp. Univ., Sci. Rept., Sendai, Japan, 1930,
Ser. 2 (Geol.), Vol. 14, No. 1, p. 94-95, in Ellis,
B. F., and Messina, A. R . , 1940, Catalogue of Foram,
Vol. 3.
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Neoalveolina pygmaea (Hanzawa).

Cole, S.W., 1939,

Jour. Paleo. Vol. 13, No. 2, p. 187, PI. 24, fig. 8.
Bovelis pygmaea

(Hanzawa).

Cole, S. W., and Bridge,

J . , 1953, U.S.G.S. Prof. Paper 253, p. 27, PI. 12,
fig. 16, PI. 13, figs. 4-7.
Bovelis pygmaea (Hanzawa). Cole, S. W . , 1957,
U.S.G.S. Prof. Paper 260-V, p. 767, PI. 240, figs. Il
ls.
FAMILY TEXTULARIIDAE Ehrenberg, 1838
SUBFAMILY TEXTULARINAE Ehrenberg, 1838
GENUS TEXTULARIA Defranee in De Blainville, 1824
Textulavia sagitula

(Defrance)

Textulavia sagitula (Defrance).

Cushman, J. A., 1918,

U.S.G.S. Bull. 676, p. 47.
Textulavia sagitula (Defrance).

Macfadyen, W . A . , 1930,

Egypt Geol. Surv. p. 48.
Textulavia acuta Reuss, 1850
Textulavia acuta Reuss, 1850, Denkschr, K. Akad. Wiss.
Wien, Math-Nat., Bd. 1, p. 381, PI. 49, fig. 1,
Ellis, B. F. and Messina, A j. R. , 1940, Catalogue of
Foram. Vol. 27.
Textulavia acuta Reuss, 1850, Souaya, F.J., 1963,
Jour. Paleo., Vol. 37, No. 2, p. 437, PI. 55, fig. 1.
Textulavia calva Lalicker, 1935
Textulavia calva Lalicker, C. G., 1935, Smithsonian
Inst. Misc. Coll. Washington, D. C . , U.S.A., 1935,
Vol. 91, No. 22 (Publ. 3328) p. 1, PI. 1, figs. 1-2.

197

Textularia lateralis 3 Lalicker, 1935
Textularia lateralis Lalicker, C. G. , 1935, Smithsonian Inst. Misc. Coll., Washington, D.C., 1935, Vol.
91,

(Publ. 3328), No. 22, p. 1, Pi. 1, figs. 3-5.

APPENDIX C
Chemical Analyses
Chemical Analyses of Limestone Samples from the Al-Khums Formation and Ain Tobi
Formation, northwest Libya.
TABLE I
Results of Wet Analyses. Analyzed by
St. Louis Testing Laboratories, Inc.
St. Louis, Missouri

Section P
P12
P17

Section C
C8
C23

Section H
H4a

Ain Tobi
Formation
at
Loc. 4-2

3.66%

6.48%

2.61%

13.23%

0.26%

0.29%

0.66%

0.20%

0.34%

0.68%

0.17%

1.04%

2.31%

1.82%

1.02%

2.29%

0.30%

CaO

31.80%

50.50%

49.52%

52.51%

35.78%

55.38%

MgO

14.64%

0.53%

0.88%

0.50%

8.67%

0.01%

S°3

0.18%

0.09%

0.13%

0.21%

0.14%

0.01%

Na20

0.07%

0.02%

0.04%

0.03%

0.10%

0.01%

k 2o

0.06%

0.03%

0.04%

0.03%

0.08%

0.01%

•
H
•
o•
l-j

41.29%

42.16%

40.82%

42.68%

38.97%

43.60%

TOTAL

99.89%

99.96%

99.93%

99.93%

99.94%

99.97%

Fe2°3
Al2°3

19 8

10.52%

Si02
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TABLE IX

Results of Chemical Analyses
of the Miocene Rocks at Section P.
Sample
No.

Al203

sio2

PI

1.00

5.02

K2
0.01

P2

0.93

2.21

P3

2.42

P5

CaO

MgO
0.99

0.01

51.71
54.88

7.30

0.06

47.27

1.65

3.72

18.25

38.82

P6

4.65

27.93

0.09
0.08

32.38

1.98
2.32

P6a

3.55

P7

2.37

28.44
14.02

38.46
32.34

1.65
10.11

P8

1. 41
0.97

52.75
53.81

1.98

P9
P10

1.07

3.77
2.80
3.83

1.49

Pll

3.29

15.77

0.12

53.89
39.09

P12
P13

2.58

12.18
6.16

0.07
0.03

50.29

P14

1.146

0.02

51.71

P15

1.43

5.19
4.50

0.02

53.89

P16
P17

6.89
1.09
0.58

0.12

26.25
52.98
54.77

P18

1.46

40.94
3.24
0.77

0.03
0.04
0.04
0.02
0.03

0.03
0.01

31.74

2.48

1.49
4.31
12.76
1.98
1.65
1.49
0.99
0.82
0.82

Sources of the samples for Section P are shown (by number)
in Fig. 75 in Appendix A.

200

TABLE III

Sample
No.
HI
H2

Al203

sio2

1.43

5.90

0.75
2.48

2.31

H3
H4
H4a

1.68
2.19

H5
H6

1.23
0.92

11.68
6.12
11.35
4.53
1.98

H7
H8
H9
H9a

1.01
0.70

2.81
1.58

0.85
1.06

2.01
2.99

W
NJ
o

Results of the Chemical Analyses
of the Miocene Rocks at Section H.

CaO

MgO

0.04
0.02

50.02

6.30

55.16

1.65

0.08

40.25

0.03
0.06

45.28

5.63
5.47
1.32

0.02

0.03
0.02
0.01
0.01
0.03

36.51
50.46
54.93
53.57
51.92
53.02
53.34

1.32
2.48
1.82
1.82
2.48
1.82

Sources of the samples for Section H are shown (by number)
in Fig. 71 in Appendix A.
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TABLE IV

Results of the Chemical Analyses
of the Miocene Rocks at Section C.
Sample
No.

CaO

MgO

0.08
0.04

41.53
50.21

4.47

6.79

0.03

50.59

4.8

C6

1.71
1.82

7.03
5.70

0.03
0.04

49.74
51.03

1.98
1.32

C7
C8

1.59
1.64

5.63
6.71

0.05
0.04

50.35
49.10

0.99
1.32

C9
CIO

1.20
1.90

4.59
7.07

0.03
0.07

50.32
48.78

1.16
1.16

Cll
C12

1.31
1.47

3.32
4.82

0.03
0.05

53.61
50.64

0.99
0.99

C13

1.09
2.43

3.69

0.03

53.55

1.18
0.79

11.97
2.93
2.64

0.08
0.04
0.02

44.29
53.83
53.65

1.16
1.16

C23

1.24

3.37

0.03

C2 4

0.64

1.00

0.01

49.90
55.52

sio2

k

C2

2.99
1.70

15.02
6.20

C4

1.48

C5

Cl

C15
C19
C21

A12°3

2°

1.98

1.65
1.16
1.98
1.49

Sources of the samples for Section C are shown (by number)
in Fig 69. in Appendix A.
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TABLE V

Results of the Chemical Analyses
of Some Spot Samples from the cross-bedded limestone,
Ain Tobi Formation.
Sample
No.

Al 2° 3

Si°2

k

2o

CaO

AND1

0.39

0.10

0.01

56.91

2.98

AND 2

0.52

0.25

0.01

57.32

1.65

At 5-3

0.53

0.35

0.01

57.90

1.98

At 5 a-1

0.73

1.20

0.04

54.38

1.82

At5a-2

0.46

0.15

0.01

57.77

1.49

At6- 3

0.61

0.43

0.01

57.17

1.65

At 4-1

0.45

0.03

0.01

57.12

1.65

At4-2

0.30

0.15

0.01

55.61

1.63

MgO
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